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[Document Name] SPECIFICATION 

[Title of the Invention] ACID-RESPONSIVE COMPOUNDS AND 
RESIN COMPOSITIONS FOR PHOTORESIST 
[ Claims ] 

[Claim 1 ] An acid-responsive compound represented 
by the following formula ( 1 ) or ( 2 ) : 
[Formula 1] 



,1 



: 2 c-c-o-c-c=CH2 : z c( W 

\^ ^/ «j2 \^ y ^0-d-C=CH2 

(1) (2) 

1 ^ 

wherein R represents a branched- chain al^l ^ro^J^ 

^ ^ Ox 

having a tertiary carbon atom, or a cycloalkyl g^up< ^ ^ 
represents hydrogen atom or an alkyl group; R repo^se^g^s <0 
hydrogen atom or methyl group; and the ring Z repre'^nts 
a monocyclic or polycyclic alicyclic hydrocarbon riftg 
which may have a substituent. 

[Claim 2] An acid-responsive compound according to 
Claim 1 , wherein R^ has a tertiary carbon atom in the 
1-position . 

[Claim 3] An acid-responsive compound according to 
Claim 1, wherein is a 1 -C]^_2^1^yl"^i-4^1^yl group. 

[Claim 4] An acid-responsive compound according to 
Claim 1, wherein the ring Z is a bridged-ring hydrocarbon 
ring containing 2 to 4 component rings . 

[Claim 5] An acid-responsive compound according to 



- 2 - 



Claim 1 represented by the following formula (la) or (2a) : 
[Formula 2] 





wherein the groups R s are the same or different from 
each other, each representing hydrogen atom, a halogen atom, 
an alkyl group , oxo group , hydroxyl group , an alkoxy group , 
carboxyl group, an alkoxycarbonyl group, hydroxymethyl 
group, carbamoyl group, an N- substituted carbamoyl group, 
nitro group, amino group, an N- substituted amino group; 
these groups may be protected with a protective group; and 

12 3 

R , R , and R have the same meanings as defined above. 

[Claim 6] A photoresist resin composition comprising 
a polymer containing at least a unit represented by the 
formula (11) or (12): 



[Formula 3] 
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(12) 
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wherein R , R , R , and the ring Z have the same 



meanings as defined above 
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and a photoactive acid generator. 

[Claim 7] A photoresist resin composition according 
to Claim 6, wherein the polymer is a copolymer. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 

The present invention relates to acid-responsive 
compounds including adamantane derivatives and to 
photoresist resin compositions prepared using the 
acid-responsive compounds- More particularly, the 
present invention relates to a photoresist resin 
composition suitable for the formation of a pattern (e.g. 
minute (fine) processing of semiconductor) using 
ultraviolet rays or far-ultraviolet rays (inclusive of 
excimer laser beams) and an acid-responsive compound 
therefor . 

[0002] 

[Background Art] 

The semiconductor integrated circuit is fabricated 
by a lithographic process which comprises forming a resist 
thin- layer on a substrate, then forming a latent image 
pattern by imagewise exposure to light, developing the 
latent image to form a resist pattern, dry-etching the 
substrate using the resist pattern as a mask, and removing 
the resist to provide a designed pattern. 

[0003] 

As the resist for semiconductor manufacture, a 



photosensitive resin composition containing an alkali- 
soluble novolac resin and a diazonaphtoquinone derivative 
is known. This resin composition has been used as a 
positive-acting resist by taking advantage of the 
phenomenon that on exposure to light the 

diazonaphthoquinone group is decomposed to give a carboxyl 
group, whereby the composition which is initially 
alkali-insoluble is rendered alkali- soluble . There also 
is known a negative -acting resist, that is a resist which 
becomes insoluble on exposure to light through a 
photo-crosslinking reaction in the presence of an azide 
compound or a photopolymerization reaction in the presence 
of a photopolymerization initiator. 

Meanwhile, in the lithographic technology, the 
demand for a finer line pattern definition has caused a 
shift from ultraviolet rays, such as g-line and i-line, 
to rays of shorter wavelengths, such as far-ultraviolet 
rays, vacuum ultraviolet rays, excimer laser beams, an 
electron beam and X-rays. 

However, because the resins used contain an aromatic 
ring, those resists may at times be opaque to light at 
wavelengths shorter than 200 nm and are not suited 
( inactive ) as compositions for use with an ArF excimer laser 
which has a wavelength of 193 nm. 

[0004 ] 

As a photoresist suitable for short -wavelength 
exposure light sources (e.g. ArF excimer laser), Japanese 
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Patent Application Laid-Open No, 73173/1997 discloses a 
resist material comprising a polymer having a structural 
unit protected by an alicyclic hydrocarbon group, such as 
adamantane or norbornane, which is cleaved (eliminated) 
by an acid to render the material alkali- soluble in 
combination with an acid precursor. This literature 
mentions, as the polymer, (1) a copolymer of 2-methyl- 
2-adamantyl ( me th) aery late and (2) a copolymer of 2- 
{ 1 - adamanty 1 ) propyl ( metrh ) acrylate , among others . The 
above polymer having no double bond within its ring 
structure is transparent (active) to the ArF excimer laser 
beam and, in semiconductor fine processing, the resistance 
to plasma gas dry-etching is enhanced, 
[0005] 

However, when the above resist comprising the polymer 
and the acid precursor is used to form a pattern, the 
tendency toward formation of cracks and peeling of the 
pattern is increased as the pattern line becomes finer so 
that it is sometimes impossible to form a pattern of fine 
line definition. 

[0006] 

[Problems to be Solved by the Invention] 

The present invention, therefore, has for its object 

to provide an acid-responsive compound having an alicyclic 

hydrocarbon group (e.g. an adamantane skeleton) and 

capable of providing an alkali -soluble polymer on exposure 

to light, thus being useful for the formation of fine- 
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line patterns and a photoresist resin composition 
containing the compound. 

It is another object of the present invention to 
provide an acid-responsive compound which is high in 
sensitivity and etching resistance (particularly 
resistance to dry etching) and instrumental in forming a 
fine-line resist pattern with good reproducibility and 
high precision and a photoresist resin composition 
containing the compound. 

It is still another object of the present invention 
to provide an acid-responsive compound showing high 
adhesion to a substrate and useful for forming a fine- 
line resist pattern with high precision and high 
reproducibility and a photoresist resin composition 
containing the compound. 

[0007] 

[Means to Solve the Problems] 

The inventors of the present invention did intensive 
investigations for accomplishing the above objects and 
found that when a polymer comprising an acid-responsive 
compound unit having an alicyclic hydrocarbon group and 
a specific structure is used in combination with a 
photoactive acid precursor, the alicyclic hydrocarbon 
group is stably and efficiently eliminated from the polymer 
by the acid formed from the acid precursor on exposure to 
' light to thereby enable water or al]cali development. The 

present invention has been developed on the basis of the 
above f inding . 



The acid-responsive compound according to the 
present invention, therefore, is represented by the 
following formula (1) or (2): 

[0008] 
[ Formula 4 ] 

(2) 

wherein R"^ represents a branched- chain alkyl group 
having a tertiary carbon atom, or a cycloalkyl group; 
represents hydrogen atom or an alkyl group; R"^ represents 
hydrogen atom or methyl group; and the ring Z represents 
a monocyclic or polycyclic alicyclic hydrocarbon ring 
which may have a substitutent . 

In this acid-responsive compound, R''' may be an alkyl 
group having a methine carbon atom (tertiary carbon atom) 
in the a-position (1-position) (e.g., 1-Ci_2alkyl-Ci_ 
4alkyl groups) , the ring Z may be a bridged-ring hydrocarbon 
ring (e.g., adamantane rings). Such compound includes 
adamantane derivatives represented by the following 
formula (la) or (2a). 

[0009] 
[Formula 5] 



C-C-0-C-C=CH2 



8 - 



0-C-C=CHz 
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c- 

I 

c. 



1 ' 2 

R -C-R^ 




CH2 



(la) 



wherein the groups R are the same or different, each 
representing a substituent which may be protected by a 

12 3 

proTecrive group. Tne groups R , R , and R have the same 
meanings as defined above. 

The photoresist resin composition of this invention 
can be constituted of a polymer containing at least a unit 
represented by the formula (11) or (12): 

[0010] 
[Formula 6] 



o=c 

I 

0 

I 



R 



o=c 



01) 



(12) 



12 3 

wherein R , R , R , and the ring Z have the same 
meanings as defined above 

and a photoactive acid generator. 
[0011] 

[Preferred Embodiment of the Invention] 
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In the formulae (1) , (2), (la), (2a), ( 11 ) and ( 12 ) , 
examples of the branched- chain alkyl group having a 
tertiary carbon atom designated by R"*^ are 1 -Ci_4alk:yl- 
Ci_5alkyl groups, such as isopropyl, isobutyl, 1- 
methylethyl, isopentyl, 1-methylpropyl (s-butyl), 1- 
methylbutyl (s-pentyl), s-hexyl, 1-ethylethyl , and 1- 
ethylbutyl . Included among the preferred branched- chain 
alkyl groups are alkyl groups in which R**^ has a methine 
carbon atom in the cx- posit ion, particularly l-C^. 
2alkyl-Ci_4alkyl groups {e,g., isopropyl, s-butyl group). 

[0012] 

As the cycloalkyl group, there can be exemplified 
C3_io*^y*^loalkyl groups such as cyclopropyl , cyclobutyl, 
cyclopentyl, cyclohexyl, cyclohexyl, cyclooctyl, and 
cyclodecyl groups . 

[0013] 

2 ' 

The alkyl group designated by R includes Ci_4alkyl 
groups such as methyl and ethyl groups (particularly, 

2 

methyl, ethyl groups), R is usually a hydrogen atom or 

3 

a methyl group. R is a hydrogen atom or a methyl group, 
forming an acryloyl or methacryloyl group. 
[0014] 

The Z ring includes a variety of alicyclic 
hydrocarbon rings, for example, monocyclic hydrocarbon 
rings and polycyclic hydrocarbon rings ( spiro hydrocarbon 
ring, ring assembly hydrocarbon ring, f used-ring 
hydrocarbon ring, and bridged-ring hydrocarbon ring. The 



monocyclic hydrocarbon ring includes but is not limited 
to C4_iQ cycloalkane rings such as cycloheptane , 
cyclohexane, cyclopentane , cyclooctane, etc. and the spiro 
hydrocarbon ring includes but is not limited to Cq_i^ 
hydrocarbon rings such as spiro [ 4 . 4 ] nonane , 
spiro [ 4 . 5 ] decane , spirobicyclohexane , etc. The ring 
assembly hydrocarbon ring includes but is not limited to 
hydrocarbon rings having 05,12 cycloalkane rings, such as 
biGyclohexaRe ring, bi-perhydronaphthalene ring , etc. The 
f used-ring hydrocarbon ring includes, for example, 
fused-ring rings containing 5 to 8-membered cycloalkane 
component rings such as perhydronaphthalene ring (decalin 
ring) , perhydroanthracene ring, perhydrophenanthrene ring, 
perhydroacenaphthene ring, perhydrof luorene ring, 
perhydroindene ring, perhydrophenalene ring, etc. 
[0015] 

The preferred Z ring is a bridged- ring hydrocarbon 
ring. The bridged-ring hydrocarbon ring includes but is 
not limited to bicyclic hydrocarbon rings such as pinane, 
bornane,^ norpinane, norbornane, etc.; tricyclic 
hydrocarbon rings such as homobrendane , adamantane, 

2 6 2 5 

tricyclo [ 5 . 2 . 1 . 0 ' ] decane , tricyclo [ 4 . 3 . 1 . 1 ' ]undecane, 
etc.; tetracyclic hydrocarbon rings such as 

2 5 7 10 

tetracyclo [ 4 . 4 . 0 . 1 ' .1 ' ]dodecane, perhydro-1 , 4- 
methano-5 , 8-methanonaphthalene , etc. ; hydrogenated 
dimers of dienes [e.g. hydrogenated dimers of 
cycoalkadienes such as cyclopentadiene , cyclohexadiene , 
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cycloheptadiene , e tc , ( e . g • perhydro -4,7 -methanoindene 
etc, ) , butadiene dimer ( vinylcyclohexene ) and its 
hydrogenation product, and butadiene -cyclopentadiene 
dimer ( vinylnorbornene ) and its hydrogenation product]. 
The preferred bridged-ring hydrocarbon ring usually has 
a bornane, norbornane or adamantane skeleton. 

The preferred Z ring is a bridged- ring hydrocarbon 
ring containing 2 to 4 component rings . 
[0016] 

These rings Z (monocyclic or polycyclic hydrocarbon 
rings) may have a substituent. As the substituent of 
the ring Z, examples of which are hydrogen atom; halogen 
atoms (e.g., bromine, chlorine, fluorine), allcyl groups 
(Ci_4alkyl groups such as methyl, ethyl, butyl, and t- 
butyl); oxo group; hydroxyl group; alkoxy groups (C^. 
4alkoxy groups such as methoxy, ethoxy , t-butoxy) ; carboxyl 
group, alkoxycarbonyl groups ( Ci_4alkoxycarbonyl groups 
such as methoxycarbonyl , ethoxycarbonyl , butoxycarbonyl , 
t-butoxycarbonyl groups); hydroxymethyl group; carbamoyl 
group; N- substituted carbomoyl groups (e.g., N-Ci_ 
4alkylcarbamoyl groups); nitro group; amino group; and 
N-substituted amino groups (e.g., mono- or diC^^. 
4alkylamino groups ) . 

[0017 ] 

4 

These substituent groups R each may be protected 
with a protective group, and this protective group may be 
a protective group which can be eliminated with an acid. 
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that is to say, a protective group which functions as a 
dissolution-inhibitory modifying group for preventing 
dissolution of the polymer prior to exposure to light. 

The protective group for hydroxyl group and 
hydroxymethyl group includes but is not limited to 
alkoxycarbonyl groups (Ci_4 alkoxycarbonyl groups such as 
methoxycarbonyl , ethoxycarbonyl , t-butoxycarbonyl , etc. ) 
and benzyloxy group. 

The protective group for carboxyl group includes but 
is not limited to alkoxy groups (Ci_4 alkoxy groups such 
as methoxy, ethoxy, t-butoxy, etc.), aralkyloxy groups 
( benzyloxy, p-methoxybenzyloxy , diphenylmethyloxy , 
benzhydryloxy , etc.) and N-hydroxysuccinimido group. 

[ 0018] 

4 

When each of these substituent R represents hydroxyl 
group, carboxyl group, hydroxymethyl group, carbamoyl 
group, or amino group (particularly, hydroxyl group or 
carboxyl group), the adhesion between the resist and the 
substrate is improved . 

[0019] 

Included among the preferred acid-responsive 
compounds are (meth)acrylates represented by the following 
formulae : 

[0020] 
[ Formula 7 ] 
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R\/CH3 Rla CH3 

; C-C-0-C-C=CH2 ; c( W f 
(0 (2) 

wherein R represents a C^,^ alkyl group; R 
represents hydrogen atom or methyl group; the ring 
represents a bridged-ring alicyclic hydrocarbon ring which 
may have a substituent, 

The acid-responsive compounds (1) and (2) of the 
present invention can be prepared in accordance with the 
following reaction schemes: 

[0021] 
[Formula 8] 



(lb) (2 b) 




(1) (2) 

wherein X represents halogen atom; represents a 

halogen atom, hydroxyl group, an alkoxy group, an 

alkenyloxy group, or an alkynyloxy group; and R^, R^ , R^, 

and the ring Z have the same meanings as defined above. 
The halogen atom typically includes chlorine , 

bromine and iodine, and the alkoxy group includes but is 

not limited to C^.^q alkoxy groups (e.g. methoxy, ethoxy, 

t-butoxy, etc. ) . The alkenyloxy group includes but is not 

limited to €2-10 alkenyloxy groups (e.g. vinyloxy, allyloxy, 
1-propenyloxy, isopropenyloxy , 1 -butenyloxy , 2- 
butenyloxy, 3-butenyloxy , 2 -pentenyloxy , etc.), and the 
alkynyloxy group includes but is not limited to C2.10 
alkynyloxy groups (e.g. ethynyloxy, propynyloxy, etc.). 



* » 
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[0022] 

Referring to the above reaction schemes , the carbonyl 
compound (lb) includes, to mention typical examples, 
monocyclic compounds ( cycloalkyl- 1 -C2_6 alkanones such as 
cyclohexyl- 1 -ethanone etc.)* spiro compounds (e.g. 
spiro [4.5] decan- 8 -yl- 1 -ethanone , spirobicyclohexan- 9 - 
yl- 1 -ethanone , etc.), ring assembly compounds (e.g. 
bicycloalkyl- 1-C2_6 alkanones such as bicyclohexan- 4- 
yl- 1 -ethanone etc. ) , fused- ring compoands (e.g. 
perhydronaphthyl - 1 - ethanone , perhydrophenan thr enyl - 1 - 
ethanone, etc.), bridged-ring compounds (e.g. bicyclic 
compounds such as bornan- 2 -yl- 1 -ethanone , bornan-3-yl- 
1 -ethanone, norbornan- 2 -yl-1 -ethanone, etc. and tricyclic 
compounds such as adamantyl-l-C2-6 alkanones, e.g. 
adamantan- 1 -yl-ethan- 1-one , adamantan- 1 -yl-propan- 1 -one , 
adamantan- 1-yl-butan- 1-one , methyladamantan- 1 -yl- 
ethan-l-one, etc.); and derivatives from hydrogenated 
dimers of dienes (e.g. perhydro-4 , 7-methanoindenyl- 1-C2_6 
alkanones such as perhydro-4, 7-methanoinden-l-yl-l- 
ethanone etc) . 

[0023] 

The carbonyl compound (2b) includes but is not 
limited to monocyclic ketones (e.g. cycloalkanones such 
as cyclohexanone , methylcyclohexanone , etc.), spiro-ring 
ketones ( spiro [ 4 , 5 ] decan-8-one , spirobicyclo-hexan-9-one, 
etc.), ring assembly ketones (e.g. bicycloalkanones such 
as bicyclohexan- 4 -one etc.), fused-ring compounds 



-16- 



( perhydronaphthalen - 1 - one , perhydronaphthalen - 2 - one , 
perhydrophenanthren-l-one, etc.)/ bridged-ring compounds 
(e.g. bicyclic compounds such as bornan-2-one , bornan- 
3 -one, norbornan-2 -one and tricyclic compounds such as 
adamantanone , methyladamantanone , dimethyladamantanone , 
etc. ) , and derivatives from hydrogenated dimers of dienes 
(e.g. perhydro-4 , 7-methanoinden-l-one etc. ) . 
[0024] 

In the above reaction schemes, the reaction of the 
carbonyl compound (lb) or {2b) with the reagent R"^MgX (3) 
can be carried out according to the conventional Grignard 
reaction. The amount of the Grignard reagent R'^MgX (3) 
relative to 1 mol of the carbonyl compound (lb) or (2b) 
may for example be about 0,8 to 3 mols , preferably about 
1 to 2 mols, more preferably about 1 to 1.5 mols. This 
reaction can be conducted in an inert solvent to the 
reaction, such as hydrocarbons (hexane, cyclohexane, etc.), 
ethers (dimethyl ether, diethyl ether, tetrahydrof uran , 
etc.), to mention just a few preferred solvents. The 
reaction temperature can be suitably selected from the 
range of, for example, about 0 to 100°C, preferably about 
10 to 50°C. 

[0025] 

The hydroxy compound (Ic) or (2c) formed by the 
reaction, optionally isolated, is subjected to the 
esterif ication reaction using (meth)acrylic acid or a 
derivative thereof (5) to give the acid-responsive 



compound ( 1 ) or ( 2 ) . 
[0026] 

The (meth ) acrylic acid or its derivative (5), 
mentioned above, includes (meth) acrylic acid, 
(meth ) acrylic anhydride, and reactive derivatives having 
a leaving group [e.g. acid halides ( (meth) aery loyl 
chloride, (meth ) acryloyl bromide, etc.), (meth ) acrylic 
acid alkyl esters such as C^.^ alkyl (meth) acrylates (e.g. 
methyl (meth)acrylate , ethyl (meth)acrylate , propyl 
(meth) acrylate , butyl (meth)acrylate, isobutyl 
(meth) acrylate , t -butyl (meth) acrylate, etc.), 
(meth) acrylic acid alkenyl esters (e.g. C2_io alkenyl 
(meth) acrylates such as vinyl ( meth) acrylate , allyl 
( meth ) acrylate , 1 -propenyl ( meth ) acrylate , isopropenyl 
(meth) acrylate, 1-butenyl (meth) acrylate, 2-butenyl 
( meth ) acrylate , 3 -butenyl ( meth ) acrylate , 2 -pentenyl 
( meth) acrylate , etc. ) , and alkynyl esters of (meth) acrylic 
acid (e.g. C2_io alkynyl (meth) acrylates such as ethynyl 
(meth) acrylate , propynyl (meth) acrylate, etc.)]. 

The preferred compound (5) includes (meth) acrylic 
acid, (meth) acryloyl halides, C^.g lower alkyl esters of 
(meth) acrylic acid, C2-6 alkenyl esters of (meth) acrylic 
acid, and C2~e alkynyl esters of (meth)acrylic acid. 
Particularly with a (meth) acryloyl halide or a C2-S alkenyl 
(meth) acrylate , the corresponding acid-responsive 
compound can be obtained with high selectivity and in high 
yield through a leaving group exchange reaction while side 
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reactions such as addition polymerization are inhibited. 
[0027] 

The above esterif ication reaction can be carried out 
by a conventional manner, for example in the presence of 
a suitable catalyst (an acid catalyst). Vflien a 
(meth) acryloyl halide is used, there are cases in which 
the acid-responsive compound is contaminated with the 
halogen component. Therefore, this esterif ication 
react ion is preferably effected by the esterif ication 
reaction using (meth) acrylic acid or the 
transesterif ication reaction. The esterif ication 
reaction and transesterif ication reaction can be conducted 
using the conventional esterif ication catalyst (for 
example a non-halogen series inorganic acid such as 
sulfuric acid, hydrochloric acid, a sulfonic acid such as 
p- toluenesulf onic acid, a protonic acid such as acidic ion 
exchange resin, a Lewis acid such as boron trifluoride, 
an enzyme, etc.) and a transesterif ication catalyst (for 
example, the esterif ication catalysts, alkali metal 
alkoxide such as sodium alkoxides , aluminum alkoxides , 
titanic acid esters, etc.). 

[0028] 

To enhance the reaction efficiency and obtain the 
objective acid-responsive compound in high yield, the 
esterif ication reaction (inclusive of leaving group 
exchange reactions such as transesterif ication) between 
the hydroxy compound (Ic) or (2c) and (meth) acrylic acid 
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or a derivative thereof (5) is conducted with advantage 
in the presence of a catalyst comprised of a compound of 
a Group 3 element of Periodic Table of the Elements. In 
the reaction utilizing such a catalyst, the formation of 
the amine hydrochloride can be inhibited and, when a C^.^ 
lower alkyl ester or alkenyl ester of (meth) acrylic 

acid is used, the objective compound can be protected 
against contamination with the halogen component. 
Moreover, beeauss a low- boiling compound (e.g. the above 
ester) can be used as the (meth) acrylic acid or derivative 
(5), the treatment after the reaction is easy and the 
isolation yield can be dramatically increased. 
[0029] 

Referring to the catalyst comprised of a compound 
of Group 3 element , the Group 3 element includes rare earth 
elements, e.g. scandium, yttrium, lanthanide series 
elements (lanthanum, cerium, praseodymium, neodymium, 
promethium, samarium, europium, gadolinium, terbium, 
dysprosium, holmium, erbium, thulium, ytterbium, 
lutetium) ] , and actinoid series elements (e.g. actinium 
etc. ) . The preferred Group 3 element includes rare earth 
elements, such as scandium, yttrium, and lanthanoid series 
elements (samarium, gadolinium, ytterbium, etc.). 

[0030] 

The valence of the Group 3 element is not particularly 
restricted but is often bivalent to tetravalent , 
particularly bivalent or trivalent . The compound of Group 
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3 element, mentioned above, is not particularly restricted 
only if it has the necessary catalyst activity, and may 
be an elemental metal or a compound or complex of the metal 
with an inorganic compound (e.g. a halide, oxide, double 
oxide, phosphorus compound or nitrogen compound) or an 
organic compound (e.g. an organic acid) . In many instances , 
it is the hydroxide or oxo-acid salt, organic acid salt, 
inorganic acid salt or halide containing the metal element 
or a coGrdination CGmpound { eomplsx) containing the metal 
element . The complex may be a Jt complex such as a 
metallocene compound. Furthermore, the compound of Group 
3 element may be a double salt compound (complex metal 
compound) with another metal. Those catalysts can be used 
each alone or in a combination of two or more species . 
[0031] 

The catalyst component is now described in further 
detail taking a samarium compound as an example, it being, 
however, to be understood that the compounds of other Group 
3 elements which correspond to the samarium compound can 
be used likewise with success. 

The hydroxide includes samarium (II) hydroxide and 
samarium (III) hydroxide, for instance, and the metal oxide 
includes samarium (II) oxide and samarium (III) oxide, for 
instance . 

The organic acid salt includes but is not limited 
to salts with such organic acids as organic carboxylic acids 
(monocarboxylic acids, polycarboxylic acids). 
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hydroxycarboxylic acids, thiocyanic acid or sulfonic acids 
( alkylsuf onic acids, benzenesuf onic acid, arylsulfonic 
acids, etc. ) . The inorganic acid salt includes but is not 
limited to the nitrate, sulfate, phosphate, carbonate and 
perchlorate . The organic acid salt and inorganic acid salt , 
mentioned above, include but are not limited to samarium 
acetate, samariiam trichloroacetate , samarium 
trif luoroacetate , samarium trif luoromethanesulf onate 
(i.e. samarium triflate) , samarium nitrate, samarium 
sulfate, samarium phosphate and samarium carbonate. 

The halide may for example be the fluoride, chloride, 
bromide or iodide . 
[0032] 

The ligand forming the complex includes OH (hydroxo) , 
alkoxy, acyl , alkoxycarbonyl , acetylacetonato , 
cyclopentadienyl , Ci_4 alkyl-substituted cyclopentadienyl 
(e.g. Ci_2 alkyl-substituted cyclopentadienyl groups such 
as pentamethylcyclopentadienyl etc. ) , dicyclopentadienyl , 
Cj^_4 alkyl-substituted dicyclopentadienyl (e.g. Cj^_2 
alkyl-substituted dicyclopentadienyl such as 
pentamethyldicyclopentadienyl etc.), halogen, CO, CN, 
oxygen, H2O (aqua) , phosphorus compounds such as phosphines, 
nitrogen-containing compounds such as NH3 (ammine) , NO, NO2 
(nitro), NO3 (nitrato), ethylenediamine , 
diethylenetriamine , pyridine, phenanthroline , etc. 
Referring to the complexes or complex salts , one or more 
similar or dissimilar ligands may be coordinated. 
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Among the complexes, samarocene complexes include 
diacetylacetonatosamarium ( II ) , 
triacetylacetonatosamarium ( III ) , 
dicyclopentadienylsamarium { II ) , 

tricyclopentadienylsamarium (III) , dipentamethyl- 
cyclopentadienylsamar ium (II) and 
tripentamethylcyclopentadienylsamarium (III) . 
[0033] 

VJlien the compGurid of Group 3 slsnient [ the bivalent 
samarocene complex having the pentcimethylcyclopentadienyl 
ligands which are highly electron-donative 
[ ( C5Me5 ) 2Sm; ( PMSm) ] or any of samarium compounds such as 
samarium halides, alkoxide, hydroxide, etc.] is used as 
the catalyst, esterif ication proceeds with a higher 
efficiency and with side reactions inhibited as compared 
with the reaction in the presence of a Lewis acid catalyst 
or a protonic acid catalyst even in esterif ication 
reactions which are handicapped as equilibrium reactions- 
Thus, this catalyst is useful for producing the acid- 
responsive compounds ( 1 ) and ( 2 ) by a leaving group exchange 
reaction such as transesterif ication . 

[0034] 

The catalyst comprised of a compound of Group 3 
element may be a homogeneous system or a heterogeneous 
system. Moreover, the catalyst may be an solid catalyst 
comprising the compound of Group 3 element supported on 
a support or carrier. The support is usually a porous 
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support such as activated carbon, zeolite, silica, 
silica-alumina, bentonite or the like. The amount of the 
supported catalyst component is about 0.1 to 50 parts by 
weight, preferably about 0.5 to 30 parts by weight, more 
preferably about 1 to 20 parts by weight relative to 100 
parts by weight of the support. 
[0035] 

The amount of the catalyst (e.g. the catalyst 
comprised of the compound of Group 3 element) can be 
liberally selected from a broad range , for example the range 
of about 0 . 1 mol % to 1 equivalent , preferably about 0 . 5 
to 50 mol %, more preferably about 1 to 25 mol % (e.g. about 
5 to 2 0 mol %) , based on the hydroxy compound (Ic) or (2c) . 

[0036] 

The esterif ication reaction mentioned above 
(particularly the reaction using the compound of Group 3 
element as the catalyst) may be conducted in the presence 
of an oxime . The oxime may be whichever of an aldoxime or 
a ketoxime and includes aliphatic oximes such as 2-hexanone 
oxime etc . , alicyclic oximes such as cyclohexanone oxime 
etc., and aromatic oximes such as acetophenone oxime, 
benzophenone oxime, benzyl dioxime, etc. 

The amount of the oxime can be selected from a broad 
range, for example the range of about 0.1 mol % to 1 
equivalent, preferably about 1 to 50 mol %, more preferably 
about 5 to 40 mol % (e.g. about 5 to 30 mol %), based on 
the hydroxy compound (Ic) or (2c). 
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[0037] 

The ratio of ( me th) acrylic acid or its derivative 
( 5 ) to hydroxy compound (Ic) or (2c) is about 0 . 5 to 5 mols , 
preferably about 0.8 to 5 mols , more preferably not less 
than 1 mol (e.g. about 1 to 3 mols , particularly about 1 
to 1.5 mols ) of (meth) acrylic acid or derivative (5) per 
equivalent of hydroxy compound (Ic) or (2c) (that is the 
weight of the hydroxy compound per hydroxyl group) . Since 
the esterif ication reaction is an equilibrium-controlled 
reaction, it is more advantageous to use a larger proportion 
of (meth) acrylic acid or derivative thereof (5) for 
accelerating the reaction but because of the usually high 
catalyst activity of the compound of Group 3 element, 
(meth) acrylic acid or derivative thereof (5) need not be 
used in a large excess. Particularly, in the reaction 
involving a combination of reactants which is very 
unfavorable from the standpoint of reaction equilibrium, 
the use of the alkenyl ester having a vinyl leaving group 
(e.g. vinyl ester) as the (meth) acrylic acid or derivative 
thereof (5) rather leads, in many instances, to an early 
completion of reaction and a better result even if the 
compound (Ic) is used in a proportion of only 1 mol or less 
(e.g. 0 . 4 to 1 mol , particularly 0 . 5 to 1 mol ) per equivalent 
of the leaving group of hydroxy compound (Ic) or (2c). 

In the process using the catalyst, the heat of 
reaction is not so high as in the process using an acid 
halide such as (meth) acryloyl chloride so that the reaction 
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can be smoothly conduced in a small amount of solvent and 
the end product can be obtained in a higher yield. 
[0038] 

The esterif ication reaction mentioned above can be 
carried out in the presence or absence of a solvent inert 
to the reaction. The reaction solvent which can be used 
includes but is not limited to aliphatic hydrocarbons, 
alicyclic hydrocarbons, aromatic hydrocarbons, polar 
aprotic solvents such as ketones, ethers, amides, N- 
methylpyrrolidone , nitriles , etc. and mixed solvents 
thereof. As the reaction solvent, (meth) acrylic acid or 
derivative thereof (5) may be used. 

When a highly hydrophilic species of hydroxy compound 
(Ic) or (2c) is used, the solvent may be a hydrophilic 
solvent (ketones such as acetone, methyl ethyl ketone, etc. , 
ethers such as dioxane, diethyl ether, tetrahydrof uran , 
etc. , and other polar aprotic solvents) , or a mixed solvent 
of a hydrophilic solvent and a hydrophobic solvent (an 
aliphatic, alicyclic or aromatic hydrocarbon) . 

[0039] 

Since the above reaction is an equilibrium- 
controlled reaction, it is advantageous to remove the 
reaction-interfering components such as the cleaved 
(eliminated) component from the reaction system for 
accelerating the reaction. For removal of the eliminated 
component, it is advantageous to use a high-boiling solvent 
(for example an organic solvent boiling at 50 to 120°C, 
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particularly about 60 to 115°C) or an azeotropic solvent 
(for example the hydrocarbons), 
[0040] 

The esterif ication reaction temperature can be 
selected from the range of, for example, about 0 to 150°C, 
preferably about 25 to 120°C. When the catalyst comprised 
of the compound of Group 3 element is used, the acid- 
responsive compound forms with high efficiency even under 
mild conditions. Thus, the reaction temperature may for 
example be about 0 to 150°C, preferably about 10 to 100°C, 
more preferably about 20 to 80°C. Particularly when the 
alkenyl ester, for instance, is used as the (meth) acrylic 
acid or derivative ( 5 ) , the reaction can be smoothly carried 
through even under mild conditions, namely at about 20 to 
50°C . The reaction can be conduced at atmospheric pressure , 
under applied pressure or at elevated pressure. Moreover, 
the reaction can be carried out batchwise, semi- bat chwise 
or continuously in the conventional manner. 

[0041] 

After completion of the reaction, the acid- 
responsive compound (1) or (2) can be easily isolated and 
purified by such separatory means as filtration, 
concentration, distillation, extraction, crystallization, 
recrystallization , column chromatography, etc. as applied 
independently or in combination. 

[0042] 

[Photoresist resin composition] 
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The photoresist resin composition of this invention 
is characterized in that at least a polymer containing the 
unit of formula (11) or (12) (e.g. a unit having an 
adamantane skeleton) and a photoactive acid precursor 
(photoactive acid generator) are used in combination and 
that the polymer is solubilized by irradiation with light . 
Thus, probably because the branched- chain alkyl group 
containing a tertiary carbon atom is adjacent to the bulky, 
hydrophobic ring Z and the ester bond is stably eliminated 
with high efficiency by the acid produced by the irradiation, 
a fine- line resist pattern can be formed with high accuracy 
and reproducibility while the high sensitivity and high 
etching resistance are maintained, 

[0043] 

The polymer mentioned above may be a homopolymer or 
a copolymer of the acid-responsive compound or compounds 
represented by formula (1) or/and (2) or a copolymer of 
the acid-responsive compound or compounds of formula (1) 
or/and ( 2 ) with one or more other copolymerizable monomers . 

The copolymerizable monomers mentioned above 
include but are not limited to (meth) acrylic monomers (e.g. 
(meth) acrylic C^^iq alkyl esters such as methyl 
(meth)acrylate, ethyl (meth)acrylate, isopropyl 
(meth ) acrylate , butyl (meth) acrylate , s -butyl 
(meth) acrylate , t -butyl (meth) acrylate , hexyl 
(meth) acrylate, octyl (meth) acrylate, 2-ethylhexyl 
(meth) acrylate, etc.; (meth)acrylic hydroxy C2-6 alkyl 
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esters such as 2 -hydroxyethyl (meth)acrylate , 2- 
hydroxypropyl (meth)acrylate, etc. ; glycidyl 
( meth ) acrylate , ( meth ) acrylonit rile , cyclohexyl 
(meth) acrylate , phenyl (meth) acrylate , etc.)/ styrenic 
monomers (styrene, a-methylstyrene , vinyltoluene , etc.), 
vinyl ester monomers (vinyl acetate, vinyl propionate, 
etc. ) , carboxyl group- containing monomers ( (meth) acrylic 
acid, maleic anhydride, itaconic acid, maleic monoesters , 
e ire . ) , s alf onic acid group - con iraxiii ay monomexs 
( styrenesulf onic acid etc.). 
[0044] 

The proportion of the acid-responsive compound (1) , 
(2) in the copolymer may for example be about 10 to 100 
weight % (e.g. 15 to 90 weight %), preferably about 25 to 
100 weight % (e.g. 30 to 75 weight %) , more preferably about 
30 to 100 weight % (e.g. 35 to 70 weight %). 

[0045] 

The photoactive acid precursor which can be used 
includes the conventional compounds which, when exposed 
to light, form acids (protonic acids or Lewis acids) with 
high efficiency, for excimple diazonium salts, iodonium 
salts, sulfonium salts, oxathiazole derivatives, s- 
triazine derivatives, imide compounds, oxime sulfonates, 
diazonaphthoquinone , sulfonic esters [ 1-phenyl-l- ( 4- 
methylphenyl ) sulf onyloxy- 1 -benzoylmethane , 1,2,3- 
trisulf onyloxymethylbenzene , 1 , 3-dinitro-2- ( 4- 
phenylsulfonyloxymethyl) benzene , 1-phenyl-l- ( 4- 
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methylphenyl ) sulf onyloxymethyl- 1 -hydroxy- 1 - 
benzoylmethane , disulfone derivatives (diphenyl disulfone 
etc benzoin tosylate, etc.] or Lewis acids 
( triphenylsulf onium hexaf luoroantimonate ( ( Ph) 3S*SbF6' ) , 
triphenylsulf onium hexaf luorophosphate ( (Ph) 3S^PF5" ) , 
triphenylsulf onium methanesulf onyl ( ( Ph) 3S^CH3S03~ ) , 
diphenyliodonium hexaf luorophosphate , etc.)- In the 
above description, Ph represents a phenyl group. 

Those photoactive acid precursors can be used each 
alone or in a combination of two or more species . 

[0046] 

The amount of the photoactive acid precursor can be 
selected according to the strength of the acid that will 
be produced by irradiation and the amount of the acid- 
responsive compound, among other conditions, for example 
from the range of about 0 . 1 to 30 parts by weight , preferably 
about 1 to 25 parts by weight, more preferably about 2 to 
20 parts by weight, relative to 100 parts by weight of the 
polymer . 

[0047] 

The photoresist resin composition may contain an 
alkali-soluble component such as alkali- soluble resin 
( novolac resin , phenolic resin , carboxyl-containing resin , 
etc.), a coloring agent (dye), an organic solvent, etc. 
The organic solvent includes but is not limited to 
hydrocarbons, halogenated hydrocarbons , alcohols, esters, 
ketones, ethers, cellosolves, carbitols , glycol ether 
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esters (cellosolve acetates) and mixed solvents thereof. 

Further, the photoresist resin composition may be 
free of contaminants by the conventional separation and 
purification procedure such as the use of a filter. 

[0048] 

The photoresist resin composition of this invention 
can be prepared by mixing the polymer and the photoactive 
acid precursor. After this photoresist resin composition 
is coa-ted on a substrate or base and dried, and the resulting 
layer (resist film) is exposed to light through a given 
mask to form a latent pattern and then developed, providing 
a fine- line pattern with high accuracy. The sensitivity 
to light and pattern resolution are high. 

[0049] 

The substrate or base can be selected according to 
the intended use of the photoresist resin composition and 
may for example be a silicon wafer or a metal, plastic, 
glass, ceramic or other substrate. The coating with the 
photoresist resin composition can be effected by the 
conventional procedure suited to each application, for 
example by the spin coating technique or the roll coating 
technique. The thiclcness of coating layer comprising the 
photoresist resin composition can be judiciously selected 
from the range of, for example, about 0.1 to 20 [xm. 

[0050] 

For the exposure to light , light beams of various 
wavelengths, e.g. ultraviolet rays and X-rays, can be 
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employed. For the exposure of resists for semiconductor 
manufacturing, g-line, i-line, and excimer laser (e.g. 
XeCl, KrF, KrCl, ArF , ArCl , etc.) beams can be utilized. 

The exposure beam energy can be selected from the 

2 

range of, for example, about 1 to 1000 mJ/cm , preferably 

2 

about 10 to 500 mJ/cm . 
[0051 ] 

On irradiation, an acid is generated from the acid 
precursor and the group containing the Z ring (usually the 
alcohol containing the Z ring) is eliminated by the 
generated acid and a carboxyl group contributory to 
solubilization is generated. Therefore, the desired 
pattern can be formed using an aqueous developer or an 
alkali developer. Particularly because the photoresist 
resin composition of the present invention has the Z ring, 
such as an adamantane skeleton, it is highly resistant to 
etching (dry etching in particular) so that an elaborate 
circuit pattern can be formed with high accuracy. 
Incidentally, the cleavage of the group containing the Z 
ring may be promoted by exposure and post -exposure baking 
(PEB) . 

The present invention can be embodied in various 
applications, such as circuit -forming materials (resists 
for semiconductor manufacturing, printed circuit boards, 
etc.) and image-forming materials (printing plates , relief 
images , etc . ) - 

[0052] 

[Introduction of functional groups] 
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The acid-responsive compounds (1) and (2) and the 
polymer component units (11) and (12) have the substituent 

4 4 

R as mentioned above . The substituent R can be introduced 
in a suitable stage among the above -described reaction 
stages or after completion of the relevant reaction. The 
hydroxyl group , for instance , can be given by a conventional 
oxidation process using nitric acid or chromic acid, an 
oxidation process using oxygen with a cobalt salt as the 
cati aly 3"t or a 'biGchomical GX'ida*ti.on prGceso , f or irnS'tance , 
or generated by a method which comprises introducing a 
halogen atom (e.g. a bromine atom) and then carrying out 
a hydrolysis reaction using an inorganic salt such as silver 
nitrate or silver sulfate to thereby introduce a hydroxyl 
group. As a preferred method, the method using an 
oxidation catalyst as described in Japanese Patent 
Application Laid-Open No . 327626/1997 , for instance, can 
be mentioned. In this oxidation method, the substrate 
compound of formula (la), (2a), (lb), (2b), (Ic) or (2c) 
or the polymer component unit (11) or (12) can be oxidized 
with oxygen in the presence of an oxidation catalyst 
comprised of a certain imide compound or an oxidation 
catalyst comprised of the imide compound and a co-catalyst 
to thereby introduce a hydroxyl group. 
[0053] 

The imide compound mentioned above includes 
compounds having N- hydroxy imide groups (e.g. aliphatic, 
alicyclic and aromatic compounds each having about 1 to 
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3 N-hydroxyimido groups), such as N-hydroxysuccinimide , 
N-hydroxymaleimide , N-hydroxyhexahydrophthalimide , 
N , N ' -dihydroxycyclohexanetetracarboximide , N- 
hydroxyphthalimide , N-hydroxytetrabromophthalimide , N- 
hydroxytetrachlorophthalimide , N-hydroxyhetimide , N- 
hydroxyhimimide , N-hydroxytrimellitimide , N,N'- 
dihydroxypyromellitimide , and N,N'- 
dihydroxynaphthalenetetracarboximide . Among the 
pxrof exxed compounds axe N-hydxoxyimide compounds dexived 
fxom allcyclic polycarboxylic anhydxides , paxticularly 
those derived fxom axomatic polycarboxylic anhydrides, for 
example N-hydxoxyphthalimide . 
[0054] 

Such imide compounds have high oxidizing activity 
and axe capable of pxomoting an oxidation xeaction 
catalytically even undex mild condition. Fuxthexmoxe, by 
oxidizing a substrate in the pxesence of the imide compound 
and a co-catalyst, a hydxoxyl gxoup can be introduced with 
high efficiency. 

[0055] 

The co-catalyst includes metal compounds, for 
example compounds containing elements of Group 2A of 
Periodic Table of the Elements, transition metal elements 
(e.g. Group 3A elements , Group 4A elements , Group 5A 
elements. Group 6A elements. Group 7A elements. Group 8 
elements. Group IB elements, and Group 2B elements) and 
elements of Group 33 (boron B, aluminum Al, etc. ) of the 
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Periodic Table of Elements . 
[0056] 

The co-catalyst may for example be an elemental metal 
or a hydroxide thereof but, in many instances, metal oxides 
(double oxides or oxo-acid salts), organic acid salts, 
inorganic acid salts and halides containing the elements, 
coordination compounds (complexes) and polyacids 
(heteropolyacids and isopolyacids ) or their salts 
GGntai-ning the metal elements are used. 

[0057] 

The oxidation catalyst comprised of the imide 
compound or the oxidation catalyst comprising the imide 
compound and co-catalyst may be a homogeneous system or 
a heterogeneous system. Moreover, the oxidation catalyst 
or oxidation catalyst system may be a solid catalyst 
comprising a catalytic component supported on a support 
or carrier . 

[0058] 

The ratio of the co-catalyst to the imide compound 
can be selected from the range of, for example, about 0.001 
to 10 mols of the co-catalyst relative to 1 mol of the imide 
compound- In order to maintain the activity level of the 
oxidation catalyst system high, the amount of the co- 
catalyst is preferably from an effective amount to 0.1 mol 
( for example, about 0 . 001 to 0 . 1 mol , preferably about 0 . 005 
to 0.08 mol, more preferably about 0.01 to 0.07 mol) 
relative to 1 mol of the imide compound. 



[0059] 

The amount of the imide compound relative to 1 mol 
of the substrate is about 0.001 to 1 mol (0.01 to 100 mol %) , 
preferably about 0.001 to 0 . 5 mol (0.1 to 50 mol %), more 
preferably about 0.01 to 0.30 mol- 

The amount of the co-catalyst relative to 1 mol of 
the substrate is about 0.0001 mol (0.1 mol %) to 0.5 mol, 
preferably about 0.001 to 0 . 3 mol, more preferably about 
0 - 0005 to 0 . 1 mol (e.g. 0 . 005 to 0 . 1 mol ) , in many instances . 

The oxygen for use in the oxidation reaction may be 
active oxygen but it is economically advantageous to use 
molecular oxygen. The molecular oxygen is not 

particularly restricted but may be pure oxygen or oxygen 
diluted with an inert gas such as nitrogen, helium, argon 
or carbon dioxide. Not only from the standpoint of 
workability (handling easiness) and safety but also from 
economic points of view, the use of air is preferable. 

The amount of oxygen relative to 1 mol of the 
substrate is usually not less than about 0.5 mol (e.g. 1 
mol or more), preferably about 1 to 100 mols , more 
preferably about 2 to 50 mols. Oxygen is often used in 
excess mol relative to the substrate and it is particularly 
advantageous to carry out the reaction in an atmosphere 
containing molecular oxygen such as air or oxygen gas . 

[0060] 

The oxidation reaction is usually carried out in an 
organic solvent inert to the reaction. The organic solvent 
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that can be used includes but is not limited to organic 
carboxylic acids such as acetic acid and hydroxycarboxylic 
acids, nitriles such as acetonitrile , benzonitrile , etc., 
amides such as formamide, acetaunide, dimethylf ormamide 
(DMF) , dimethylacetamide , etc. , alcohols such as t-butanol, 
t-amyl alcohol, etc., aliphatic hydrocarbons such as 
hexane, octane, etc., aromatic hydrocarbons such as 
benzene etc., halogenated hydrocarbons, nitro compounds, 
esters such as ethyl acetate etc. , ethers such as diethyl 
ether, diisopropyl ether, dioxane, etc., and mixed 
solvents thereof. 
[0061] 

When the oxidation reaction is carried out in the 
presence of a protonic acid, the reaction proceeds smoothly 
and the objective compound can be obtained with high 
selectivity and in good yield. The protonic acid may be 
utilized as the solvent as mentioned above. The protonic 
acid includes organic acids (e.g. organic carboxylic acids 
such as formic acid, acetic acid, propionic acid, etc. , 
oxalic acid, hydroxycarboxylic acids such as citric acid, 
tartaric acid, etc., alkylsulf onic acids such as 
methanesulf onic acid, ethanesulf onic acid, etc., 
arylsulfonic acids such as benzenesulf onic acid, p- 
toluenesulf onic acid, etc.) and inorganic acids (e.g. 
hydrochloric acid, sulfuric acid, nitric acid, phosphoric 
acid , etc . ) . 

[0062] 
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The oxidation method using the oxidation catalyst 
or oxidation catalyst system is characterized in that the 
oxidation reaction proceeds smoothly even under 
comparatively mild conditions. The reaction temperature 
may for example be about 0 to 200°C, preferably about 30 
to 150°C, and the reaction is generally conducted at about 
50 to 120°C in many instances. This reaction can be 
conducted at atmospheric or under applied pressure. 

When the above oxidation reaction is carried out Xt\ 
the presence of a strong acid, an oxo group can be introduced 
with high efficiency. The strong acid includes not only 
sulfuric acid and sulfonic acids mentioned above but also 
superacids , among others . 

[0063] 

The introduction of a carboxyl group can be achieved 
by various reactions but it is advantageous to employ a 
technique ( carboxylation process) similar to the 
above-described oxidation reaction process using the imide 
compound (or the imide compound and co-catalyst) as a 
catalyst except that carbon monoxide and oxygen are used 
in lieu of oxygen . The carbon monoxide and oxygen may be 
pure carbon monoxide and oxygen or carbon monoxide and 
oxygen as diluted with an inert gas beforehand in the same 
manner as mentioned for the oxidation reaction. As the 
oxygen source, air may be likewise employed. 

[0064] 

The proportion of carbon monoxide can be selected 
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from the range of not less than 1 mol {e,g. 1 to 1000 mols ) 
relative to 1 mol of the substrate and is preferably an 
excess mole, for example about 1 . 5 to 100 mols (e.g. 2 to 
50 mols), more preferably about 2 to 30 mols (e.g. 5 to 
25 mols ) . 

The proportion of oxygen relative to 1 mol of the 
substrate can be selected from the range of not less than 
0.5 mol (e.g. 0.5 to 100 mols), preferably about 0.5 to 
30 mols,- more preferably about 0.5 to 2 5 mols. 

[0065] 

It is preferable to use a larger amount of carbon 
monoxide than oxygen. The usual ratio of CO to O2 is CO/O2 
= about 1/99 to 99/1 (mol %) [e.g. 10/90 to 99/1 (mol %)], 
preferably about 30/70 to 98/2 (mol %), more preferably 
about 50/50 to 95/5 (mol %), particularly about 60/40 to 
90/10 (mol %) . 

A hydroxymethyl group can be generated by reducing 
the carboxyl group -introduced substrate with hydrogen or 
a hydrogenation reducing agent (e.g. sodium boron 
hydride -Lewis acid, aluminum hydride, lithium aluminum 
hydride, lithium trialkoxyaluminum hydrides, diborane , 
etc . ) . 

[0066] 

A nitro group can be introduced in the conventionl 
manner, for example by a process using a nitrating agent 
(e.g. mixed acid of sulfuric acid and nitric acid; nitric 
acid; nitric acid and an organic acid (e.g. a carboxylic 
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acid such as acetic acid) ; a nitrate and sulfuric acid; 
dinitrogen pentoxide, etc.)- 

The preferred nitration process may for example be 
a nitration process which comprises contacting the 
substrate with a nitrogen oxide in the presence or absence 
of the imide compound (or the imide compound and co- 
catalyst ) • 

[0067] 

The nitrogen oxide mentioned above can be expressed 
by the formula N^Oy (wherein x represents an integer of 1 
or 2; y represents an integer of 1 to 6 ) . 

In the compound of the above formula, when x is equal 
to 1 , y is usually an integer of 1 to 3 and when x is equal 
to 2 , y is usually an integer of 1 to 6 . 

[0068] 

The nitrogen oxide, thus, includes but is not limited 
to N2O, NO, N2O3, NO2, N2O4, N2O5, NO3 and Those 
nitrogen oxides can be used each independently or in a 
combination of two or more species - 

[0069] 

The preferred nitrogen oxide includes (1) the 
nitrogen oxide (particularly N2O3) produced by reacting at 
least one nitrogen compound selected from the group 
consisting of dinitrogen oxide (N2O) and nitrogen monoxide 
(NO) with oxygen or a nitrogen oxide containing N2O3 as a 
main component and (2) nitrogen dioxide (NO2) or a nitrogen 
oxide containing NO2 as a main component . 
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The nitrogen oxide N2O3 can be easily obtained by 
reacting N2O and/or NO with oxygen. More specif icantly , 
it can be prepared by a process which comprises charging 

a reactor with nitrogen monoxide and oxygen to give N2O3 
as a blue -colored liquid. Therefore, instead of preparing 
N2O3 in advance, the nitration reaction may be carried out 
by introducing N2O and/or NO and oxygen into the reaction 
system . 

Here, the oxygen may be either pure oxygen or oxygen 
diluted with an inert gas ( carbon dioxide , nitrogen, helium, 
argon, etc.) beforehand. The oxygen source may be air. 

[0070] 

In the reaction mode using nitrogen dioxide (NO2) , 
among the nitrogen oxides , the nitration reaction proceeds 
smoothly even without coexistence of oxygen. Therefore, 
the reaction system using NO2 does not essentially require 
oxygen , although NO2 may be used in combination with oxygen . 

[0071] 

In the above oxidation process using the imide 
compound (or the imide compound and co-catalyst) as a 
catalyst, it is advantageous to carry out nitration using 
a nitrogen oxide (or a nitrogen oxide and oxygen) in lieu 
of oxygen in otherwise the same manner as the oxidation 
process described above. 

[0072] 

The amount of the nitrogen oxide can be selected 
according to the amount of the nitro group to be introduced. 



for excunple from the range of about 1 to 50 mols, preferably 
about 1.5 to 30 mols , relative to 1 mol of the substrate, 
and is usually about 2 to 25 mols . 
[0073] 

When the catalyst comprised of the imide compound 
is used, the nitration reaction proceeds smoothly even 
under comparatively mild conditions. The reaction 
temperature can be selected according to the kinds of imide 
compound and substrate , for example from the range of about 
0 to 150°C, preferably about 25 to 125°C, more preferably 
about 30 to 100°C. The nitration reaction can be carried 
out at atmospheric pressure or under applied pressure. 

[0074] 

The nitro- group introduced into the substrate can 
be converted to an eimino group by reduction. The reduction 
reaction can be carried out according to a conventional 
method, for example by catalytic hydrogenation using 
hydrogen as the reducing agent or by the reduction reaction 
using a hydrogenation reducing agent. 

The catalyst for the catalytic hydrogenation 
includes but is not limited to elemental metals (simple 
metals) such as platinum, palladium, niclcel , cobalt, iron 
and copper and compounds containing such metal elements 
(e.g. platinum oxide, palladium blaclc, palladium- carbon , 
copper chromite, etc.). The amount of the catalyst is 
generally about 0.02 to 1 mol relative to 1 mol of the 
adamantane (substrate). The reaction temperature for 
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catalytic hydrogenation may for example be about - 20*^0 to 
100°C (e.g. 0 to 70°C) . The hydrogen pressure is generally 
1 to 10 atmospheres in many instances. 
[0075] 

Referring to the reduction reaction using a 
hydrogenation reducing agent, the hydrogenation reducing 
agent which can be used includes but is not limited to 
aluminum hydride , sodium boron hydride , and diborane . The 
amount of the hydrogenation reducing agent used relative 
to 1 mol of the substrate is generally not less than 1 mol 
(for example, about 1 to 10 mols) in many instances. In 
many cases of reduction using a hydrogenation reducing 
agent, the reaction temperature is generally about 0 to 
200°C (for example 0 to 170°C) . 

The above reduction reaction (catalytic 
hydrogenation method, the process using a hydrogenation 
reducing agent ) may be carried out in a solvent inert to 
the reduction reaction (the solvents exemplified in the 
item of the oxidizing reaction, for example, carboxylic 
acids, ethers, esters and amides). 

[0076] 

The hydroxyl group introduced into the substrate can 
be converted to an alkoxy group in the routine manner, and 
the carboxyl group can be converted to an alkoxycarbonyl 
group, a carbamoyl group or an N- substituted carbamoyl 
group by utilizing the conventional esterif ication 
reaction or amidation reaction, for instance. Furthermore, 
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the amino group can be converted to an N- substituted amino 
group using an alkylating agent or an acylating agent. 
[0077] 

The compound and polymer having a basic group or an 
acidic group may form salts. For example, a carboxyl 
group-containing substrate can be reacted with an organic 
base or an inorganic base to give the corresponding salt . 
An amino group-containing substrate can be reacted with 
an inorganic acid or an organic acid to give the 
corresponding salt . 

[0078] 

The oxidation and other reactions can be carried out 
in any of batch, semi-batch and continuous modes. After 
completion of each reaction, the reaction product can be 
easily isolated and purified by the conventional 
procedure . 

[0079] 

[Effects of the Invention] 

The acid-responsive compound of the present 
invention has an alicyclic hydrocarbon group (e.g. an 
adamant ane skeleton) and becomes alkali -soluble upon 
exposure to light, with the result that it finds application 
as a photoresist in the formation of fine-line patterns. 
Furthermore, because it is high in sensitivity and etching 
resistance (dry etching resistance in particular), 
fine-line patterns can be formed with good reproducibility 
and high accuracy. In addition, it contributes to improved 
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adhesion to the substrate and improved stability of the 
resist solution, thus insuring the formation of fine-line 
patterns with high accuracy and good reproducibility. 

[0080] 

[Examples] 

Hereinafter, the present invention will be described 

in further detail with reference to Examples and 

Comparative Examples but should by no means be construed 

as defining the present invention . 
Example 1 

{ 1 ) Hydroxylation 

To a solution of adamantan-l-yl-ethan-l-one (1 mol) 

in absolute tetrahydrof uran was added a solution of 

isopropylmagnesium iodide ( iso-C3H7MgI ) (1.2 mols ) in 

absolute diethyl ether dropwise, and the mixture was 

stirred at 10°C for 6 hours to provide l-(2- 

hydroxyisopentyl ) adamantane . 

( 2 ) Esterif ication 

A mixture of 1- (2 -hydroxyisopentyl) adamantane 
obtained above (1.00 mmol) , samarium iodide (Sml2) (0.10 
mmol), isopropenyl acrylate (1.1 mmols) and dioxane (2 
mmols) was stirred at 50°C for 6 hours. Analysis by gas 
chromatography revealed the formation of l-(2- 
acryloyloxyisopentyl) adamantane (yield 90%) in the 
reaction mixture . 

Mass spectrum: [M] 276, 261, 246, 231, 218, 191, 147. 

(3) Polymerization 

A monomer mixture (100 parts by weight) of the 
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obtained 1- ( 2-acryloyloxyisopentyl ) adamantane ( 50 
weight %), methyl methacrylate (10 weight %), butyl 
acrylate (20 weight %) and methacrylic acid (20 weight %) 
was polymerized in an organic solvent (toluene) in the 
presence of polymerization initiator (benzoyl peroxide) 
(5 parts by weight), and the polymer was precipitated by 
adding methanol to the reaction mixture. The precipitate 
was purified by repeating the cycle of dissolution in 
toluene and precipitation with methanol to provide a 
copolymer having a weight average molecular weight of about 

4 

1 . 5x10 (molecular weight in terms of polystylene according 
to GPC) . 

[0081] 
Example 2 

(1) Hydroxylation 

A mixture of 1- ( 2-acryloyloxyisopentyl) adamantane 
(10 mmols), NHPI (2 mmols), acetylacetonatocobalt 
(Co(AA)2) (0.1 mmol) and acetic acid (25 ml) was stirred 
in an oxygen atmosphere at 75°C for 6 hours to provide 
l-hydroxy-5- ( 2-acryloyloxyisopentyl) adamantane (yield 
78%) . 

Mass spectrum of hydroxyl group -containing 
compound : 

[M] 292, 274, 259, 244, 229, 216, 189, 145. 

(2) Polymerization 

Us ing 1 - hydroxy- 5 - ( 2 - 
acryloyloxyisopentyl ) adamantane in lieu of 1 - ( 2 - 
acryloyloxyisopentyl) adamantane. Step (3) of Example 1 was 
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otherwise repeated to provide a copolymer. 
[0082] 
Example 3 

(1) Introduction of a carboxyl group 

To acetic acid (25 ml) were added adamantan-1- 
yl-ethan-l-one (lOmmols), NHPI (Immol) andCo(AA)2 (0.005 
mmol) , and the mixture was stirred at 60*^C for 6 hours in 
a reactor with a gas pack inflated with a mixed gas (a mixed 
gas of carbon monoxide (2 L) and oxygen (0.5 L) ; pressure: 

2 

5 Kg/cm ). As a result, 1-carboxyadamantan- 5-yl-ethan- 
1-one was obtained at a conversion rate of 78% (yield 62%) . 

Using l-carboxyadamantan-5-yl-ethan-l-one in lieu 
of adamantan-l-yl-ethan-l-one. Step (1) of Example 1 was 
otherwise repeated to provide l-carboxy-5- ( 2-hydroxy- 
2-isopentyl)adamantane (yield 60%) , 

[0083] 

(2) (3) Esterif ication and polymerization 
Using l-carboxy-5- ( 2 -hydroxy- 2- 
isopentyl ) adamantane in lieu of l-(2- 

hydroxyisopentyl)adamantane. Steps (2) and ( 3 ) of Example 
1 were otherwise repeated to provide the carboxyl 
group- containing compound, neimely l-carboxy-5- ( 2- 
acryloyloxy- 2 -isopentyl) adamantane (yield 82%), and a 
copolymer . 

[0084] 

Mass spectrum of carboxyl group-containing 
compound: [M] 320 , 24 9 , 234 , 219 , 204, 191 , 179 , 134 
Example 4 
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( 1 ) Hydroxylation 

Using adamant anone in lieu of adamantan-l-yl- 
ethan-l-one. Step (1) of Example 1 was otherwise repeated 
to provide 2-isopropyl-2-hydroxyadamantane at a 
conversion of 76% (yield 61%). 

[ 0085] 

(2) , (3) Esterif ication and polymerization 

Using 2-isopropyl-2-hydroxyadamantane in lieu of 
1- (2-hydroxyisopentyl)adamantane, Steps (2), (3) of 
Example 1 were otherwise repeated to provide a hydroxyl 
group -containing compound, namely 2-isopropyl-2- 
acryloyloxyadamantane (yield 78%), and a copolymer. 

Mass spectrum of hydroxyl group -containing 
compound: [M] 248, 233, 218, 205, 183, 139. 

[0086] 
Example 5 

(1) Hydroxylation 

Using 2-isopropyl-2-acryloyloxyadamantane in lieu 
of 1- ( 2-acryloyloxyisopentyl)adamantane, the 
hydroxylation step (Step 2) of Example 2 was otherwise 
repeated to provide l-hydroxy-4-isopropyl-4- 
acryloyloxyadamantane (yield 56%). 

Mass spectrum of hydroxyl group -containing 
compound: [M] 264, 246, 231, 216, 203, 176, 132. 

(2) Polymerization 

Using 1 -hydroxy- 4 - isopropyl - 4 - 
acryloyloxyadamantane in lieu of l-(2- 
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acryloyloxyisopentyl )adamantane , Step (3) of Example 1 was 
otherwise repeated to provide a copolymer. 
[0087] 
Example 6 

(1) Introduction of a carboxyl group 

Using adamantanone in lieu of adamantan-l-yl- 
ethan-l-one, the carboxylation step (Step 1) of Example 
3 was otherwise repeated to provide 1- 
carboxyadaman tan - 4 - one - 

Using l-carboxyadamantan-4-one in lieu of 
adamantan-l-yl-ethan-l-one. Step (1) of Example 1 was 
otherwise repeated to provide l-carboxy-4- ( 2-hydroxy- 
2 -isopentyl ) adamantane (yield 58%), 

[0088] 

(2) , (3) Esterif ication and polymerization 

Using l-carboxy-4- ( 2 -hydroxy- 2- 
isopentyl ) adamantane in lieu of l-(2- 

hydroxyisopentyl) adamantane. Steps (2) and ( 3 ) of Example 
1 were otherwise repeated to provide a carboxyl group- 
containing compound, namely l-carboxy-4- ( 2- 
acryloyloxy- 2 -isopentyl) adamantane (yield 81%), and a 
copolymer . 

[0089] 

Mass spectrum of carboxyl group -containing 
compound: [M] 292, 221, 206, 191, 178, 133 
[Photoresist resin composition] 

A photoresist resin composition was prepared by 
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mixing 100 parts by weight of each polymer obtained and 
15 parts by weight of 

triphenylphosphoniumhexaf luoroantimony with the solvent 
toluene. This photoresist resin composition was coated on 
a silicon wafer by the spin coating technique to form a 
1.0 |am thick photosensitive layer. After prebaking on a 
hot plate at 60°C for 100 seconds, exposure was carried out 

2 

at an illuminating amount 100 mJ/cm using a KrF excimer 
stepper, fGllowed by postbaking at i00°C for 60 seconds. 
Development was then carried out with an aqueous alkaline 
solution (Tokyo Oka K.K., NMD-3) for 60 seconds and the 
wafer was rinsed with pure water. As a result, a 
predetermined pattern could be formed. 



[Document Name] ABSTRACT 
[Abstract ] 

[Object] To provide a photoresist resin composition high 
in etching resistance, solubilizable by irradiation, and 
capable of forming a finer line pattern. 

[Means to Solve the Problems] The photoresist resin 
composition comprises a polymer containing an acid- 
responsive compound unit of the following formula (e.g. 
an adamantane sJceleton) and a photoaetive acid precursor, 
R"*^ usually has a tertiary carbon atom in the 1 -position and 
the ring Z is a bridged-ring hydrocarbon ring comprising 
2 to 4 rings . 
[Formula 1] 

r z c-c-o-c-c=CH2 : z P\ n < 

(1) (2) 

wherein R"^ represents a branched- chain alkyl group 
having a tertiary carbon atom; R^ represents hydrogen atom 
or an alkyl group; R^ represents hydrogen atom or methyl 
group; the Z ring represents a monocyclic or polycyclic 
alicyclic hydrocarbon ring which may have a substituent. 
[Selected Fig.] none 
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[Document Name] SPECIFICATION 

[Title of the Invention] ACID-RESPONSIVE COMPOUNDS AND 
RESIN COMPOSITIONS FOR PHOTORESIST 
[Claims] 

[Claim 1] An acid-responsive compound represented 
by the following formula (1) or (2) 
[ Formula 1 ] 

— ' ^2 R'' O — C — C=CH2 

(1) P) 

1 2 

wherein R and R are the same or different from each 
other and each represents a hydrogen atom^ an alkyl group 

3 

or a cycloalkyl group; R represents a hydrogen atom or a 

4 

methyl group; R represents halogen atom, an alkyl group, 
an oxygen -containing group, amino group or an N- 
substituted amino group; the Z ring represents a monocyclic 
or polycyclic alicyclic hydrocarbon ring; in formula (1), 

1 2 

R and R may, jointly and together with the adjacent carbon 
atom, form an alicyclic hydrocarbon ring. 

[Claim 2] The acid-responsive compound according to 
Claim 1 wherein, in the formula (1), R"*^ is a hydrogen atom 

2 

and R is a hydrogen atom or a straight -chain or 
branched- chain Cjl_4 alkyl group. 

[Claim 3] The acid-responsive compound according to 
Claim 1 wherein the Z ring is a bridged ring- type 
hydrocarbon ring comprising 2 to 4 rings. 



[Claim 4] The acid-responsive compound according to 
Claim 1 wherein the oxygen-containing group is at least 
one substituent selected from the group consisting of oxo 
group, hydroxyl group, an alkoxy group, carboxyl group, 
an alkoxycarbonyl group, a cycloalkyloxycarbonyl group, 
an aryloxycarbonyl group, an aralkyloxycarbonyl group, 
hydroxymethyl group, carbamoyl group, an N- substituted 
carbamoyl group and nitro group. 

[Claim 5] The acid-responsive compound according to 

4 

Claim 1 wherein R is a hydroxyl group, an alkoxy group, 
a carboxyl group , an alkoxycarbonyl group or a 
hydroxymethyl group . 

[Claim 6] The acid-responsive compound according to 



Claim 1, which is represented by the following formula (la) 
or ( 2a) : 




wherein R"^, R^ and R'^ are as defined above; r'^s may 
be the same or different from each other and each represents 
hydrogen atom, a halogen atom, an alkyl group, an 
oxygen-containing group, amino group or an N- substituted 
amino group with proviso that all r'^s are not concurrently 
hydrogen atoms . 
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[Claim 7] The acid-responsive compound according to 
Claim 6 wherein R*^ is a hydrogen atom or a straight-chain 
or branched-chain Ci_4 alkyl group; R^ is a hydrogen atom 
or a straight-chain or branched-chain Cj^_^ alkyl group; R^ 
is a hydrogen atom or a methyl group; at least one of r'^s 
is at least one oxygen-containing group selected from the 
group consisting of oxo group, hydroxyl group, an alkoxy 
group, carboxyl group, an alkoxycarbonyl group, a 
cycloalkyloxycarbonyl group, an aryloxycarbonyl group, an 
aralkyloxycarbonyl group, hydroxymethyl group, carbamoyl 
group, an N-substituted carbamoyl group and nitro group. 

[Claim 8] A photoresist resin composition comprising 
a polymer having at least a unit represented by the 
following formula (11) or (12): 



? H3 

c — c- 

I 

o=c 
I 

o 

R— C— 
I 

..- C 

i z ) 



1 ' 2 

wherein R , R , 



[Formula 3] 



R-" 

I 

-c- 



H, 



o=c 
. c 



(11) 



R" 



(12) 



3 4 

R , R , and ring Z are as defined in 



Claim 1 



and a photoactive acid precursor. 

[Claim 9] The photoresist resin composition 
according to Claim 8 wherein the polymer is a copolymer. 
[Detailed Description of the Invention] 
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[0001] 

[Technical Field of the Invention] 

The present invention relates to acid-responsive 
compounds including adamantane derivatives and to 
photoresist resin compositions prepared using the 
acid-responsive compounds. More particularly, the 
present invention relates to a photoresist resin 
composition suitable for the formation of a pattern (e.g, 
minute (fine) proaessing of semiconductor) using 
ultraviolet rays or far-ultraviolet rays (inclusive of 
excimer laser beams) and an acid-responsive compound 
therefor. 

[ 0002 ] 

[Background Art] 

The semiconductor integrated circuit is fabricated 
by a lithographic process which comprises forming a resist 
thin-layer on a substrate, then forming a latent image 
pattern by imagewise exposure to light, developing the 
latent image to form a resist pattern, dry-etching the 
substrate using the resist pattern as a mask, and removing 
the resist to provide a designed pattern. 

[0003] 

As the resist for semiconductor manufacture, a 
photosensitive resin composition containing an alkali- 
soluble novolac resin and a diazonaphtoquinone derivative 
is known. This resin composition has been used as a 
positive-acting resist by taking advantage of the 



phenomenon that on exposure to light the 

diazonaphthoquinone group is decomposed to give a carboxyl 
group, whereby the composition which is initially 
alkali-insoluble is rendered alkali-soluble. There also 
is known a negative-acting resist, that is a resist which 
becomes insoluble on exposure to light through a 
photo-crosslinking reaction in the presence of an azide 
compound or a photopolymerization reaction in the presence 
of a photopolymerization initiator, 
[0004 ] 

Meanwhile, in the lithographic technology, the 
demand for a finer line pattern definition has caused a 
shift from ultraviolet rays, such as g-line and i-line, 
to rays of shorter wavelengths, such as far-ultraviolet 
rays, vacuum ultraviolet rays, excimer laser beams, an 
electron beam and X-rays. 

[0005] 

However, because the resins used contain an aromatic 
ring, those resists may at times be opaque to light at 
wavelengths shorter than 200 nm and are not suited 
(inactive) as compositions for use with an ArF excimer laser 
which has a wavelength of 193 nm. 

[0006] 

As a photoresist suitable for short -wavelength 
exposure light sources (e.g. ArF excimer laser), Japanese 
Patent Application Laid-Open No, 73173/1997 discloses a 
resist material comprising a polymer having a structural 
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unit protected by an alicyclic hydrocarbon group, such as 
adamantane or norbornane, which is cleaved (eliminated) 
by an acid to render the material alkali -soluble in 
combination with an acid precursor. This literature 
mentions, as the polymer, (1) a copolymer of 2 -methyl - 
2-adamantyl (meth)acrylate and (2) a copolymer of 2- 
( 1-adamantyl ) propyl (meth) acrylate , among others. The 
above polymer having no double bond within its ring 
structure is transparent (active) Lo the ArF excimer laser 
beam and, in semiconductor fine processing, the resistance 
to plasma gas dry-etching is enhanced. 
[0007] 

However, when the above resist comprising the polymer 
and the acid precursor is used to form a pattern, the 
tendency toward formation of cracks and peeling of the 
pattern is increased as the pattern line becomes finer so 
that it is sometimes impossible to form a pattern of fine 
line definition. 

[0008] 

[Problems to be Solved by the Invention] 
The present invention, therefore, has for its object 
to provide an acid-responsive compound having an alicyclic 
hydrocarbon group (e.g. an adamantane skeleton) and 
capable of providing an alkali- soluble polymer on exposure 
to light, thus being useful for the formation of fine- 
line patterns and a photoresist resin composition 
containing the compound. 



[0009] 

It is another object of the present invention to 
provide an acid- responsive compound which is high in 
sensitivity and etching resistance (particularly 
resistance to dry etching) and instrumental in forming a 
fine-line resist pattern with good reproducibility and 
high precision and a photoresist resin composition 
containing the compound. 

[0010] 

It is a still another object of the present invention 
to provide an acid-responsive compound showing high 
adhesion to a substrate and useful for forming a fine- 
line resist pattern with high precision and high 
reproducibility and a photoresist resin composition 
containing the compound. 

[0011] 

[Means to Solve the Problems] 

The inventors of the present invention did intensive 
investigations for accomplishing the above objects and 
found that when a polymer comprising an acid-responsive 
compound unit having an alicyclic hydrocarbon group and 
a specific structure is used in combination with a 
photoactive acid precursor, the alicyclic hydrocarbon 
group is stably and efficiently eliminated from the polymer 
by the acid formed from the acid precursor on exposure to 
light to thereby enable water or alkali development- The 
present invention has been developed on the basis of the 
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above finding. 
[0012] 

The acid- responsive compound according to the 
present invention, therefore, is represented by the 
following formula (1) or (2). 

[0013] 
[Formula 4] 

O % ^R^ ^ „3 

I II I ' / G R 

: z C— C— O— C— C=CH2 \\ 
^> X I ^ o — C — C — CH2 

r2 

(2) 

(1) 

[0014] 

1 2 

wherein R and R are the same or different from each 

other and each represents hydrogen atom, an alkyl group 

3 

or a cycloalkyl group; R represents hydrogen atom or methyl 
4 

group; R represents a halogen atom, an alkyl group, an 

oxygen-containing group, amino group or an N- substituted 

amino group; the Z ring represents a monocyclic or 

polycyclic alicyclic hydrocarbon ring; in formula (1), R^ 
2 

and R may, jointly and together with the adjacent carbon 

atom, form an alicyclic hydrocarbon ring. 
[0015] 

In this acid-responsive compound, the ring Z may be 
a bridged (clossliked) ring-type hydrocarbon ring 
containing 2 to 4 component rings (e.g. an adamantane ring ) . 
Such compounds include adamantane derivatives represented 
by the following formula (la) or formula (2a). 



[0016 ] 
[Formula 5] 

O 



It I 

O— C— C=CH2 




[0017 ] 

12 3 4 

wherein R , R and R are as defined above; R s may 
be the same or different from each other and each represents 
hydrogen atom, a halogen atom, an alkyl group, an 
oxygen-containing group, amino group or an N-subs tituted 

4 

amino group with proviso that that all R s are not hydrogen 
atoms - 

The photoresist resin composition of the present 
invention can be constituted by a polymer having at least 
a unit of the following formula (11) or formula (12) and 
a photoactive acid precursor (a photoactive acid 
generator) . 

[0018] 
[Formula 6] 



■10- 



I 

c- 

I 

o=c 
I 

o 

I 

: 2 ) 



■c- 



or 



(11) 



^ . „1 „2 „3 „4 

wherein R , R , R , R 



-c — c- 



o=c 
. - c •-. 

: Z ) . 

(12) 

and Z ring are as defined in 



Claim 1 . 

[0019] 

[Preferred Embodiments of the Invention] 
Referring to the above formulas ( 1 ) , (2), (la), (2a), 
(11) and (12). the alkyl groups represented by R"*^ and R^ 
each includes straight -chain or branched- chain alkyl 
groups, e.g. 0^,^.0 aH<^yl groups (preferably C^.^ alkyl 
groups and particularly Ci_4 alkyl groups) , such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, and 
t-butyl, etc. 

[0020] 

The branched- chain alkyl group may be an alkyl group 
containing a tertiary carbon atom. The branched-chain 
alkyl group having a tertiary carbon atom includes 1-Cj^_4 
alkyl-Cj^_6 alkyl groups such as isopropyl, isobutyl, 1- 
methylethyl, isopentyl, 1 -methylpropyl ( s -butyl ) , 1- 
methylbutyl(s-pentyl) , s-hexyl, 1 -ethylethyl , 1- 
ethylbutyl , etc . The preferred branched-chain alkyl group 



R includes alkyl groups having a methine carbon atom in 



the a-position, particularly l''C^_2 alkyl-C3^_4 
alkyl ( isopropyl , s -butyl, etc.) groups. Referring, 
further, to formulas (1), (2), (la), (2a), (11) and (12), 
when the Z ring has no substituent, the alkyl group 
designated by R"^ is a branched- chain alkyl group containing 
a tertiary carbon atom. 
[0021] 

The cycloalkyl group includes 03.15 cycloalkyl groups, 
for example mGnocyclic C^-xq cycloalkyl groups such as 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cyclohexyl, cyclooctyl, and cyclodecyl, and polycyclic 
^6-15 cycloalkyl groups such as perhydronaphthyl (decalyl) , 
adamantyl, methyladamantyl , and dimethyladamantyl . 

[0022] 

3 

R represents hydrogen atom or methyl group, forming 

an acryloyl or methacryloyl group. 

[0023] 
1 2 

R and R may, jointly and together with the adjacent 
carbon atom, form an alicyclic hydrocarbon ring. This 
alicyclic hydrocarbon ring includes hydrocarbon rings 
corresponding to the cycloalkyl group. 

[0024] 

The Z ring includes a variety of alicyclic 
hydrocarbon rings, for example monocyclic hydrocarbon 
rings and polycyclic hydrocarbon rings (spiro hydrocarbon 
ring, ring assembly hydrocarbon ring, f used-ring 
(condensed ring- type) hydrocarbon ring, and bridged-ring 
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(closslinked ring- type) hydrocarbon ring) . The 
monocyclic hydrocarbon ring includes but is not limited 
to C4_2o cycloalkane rings such as cycloheptane , 
cyclohexane, cyclopentane , cyclooctane, etc. and the spiro 
hydrocarbon ring includes but is not limited to Cg.ie 
hydrocarbon rings such as spiro [ 4 . 4 ] nonane , 
spiro[4 . 5]decane, spirobicyclohexane , etc. The ring 
assembly hydrocarbon ring includes but is not limited to 
hydrocarbon rings having C^_2.2 cycloalkane rings, such as 
bicyclohexane ring , biperhydronaphthalene ring , etc. The 
f used-ring (fused ring- type) hydrocarbon ring includes, 
for example, f used-ring rings containing 5 to 8-membered 
cycloalkane component rings such as perhydronaphthalene 
ring (decalin ring), perhydroanthracene ring, 
perhydrophenanthrene ring , perhydroacenaphthene ring , 
perhydrof luorene ring, perhydroindene ring, 
perhydrophenalene ring, etc. 
[0025] 

The preferred Z ring is a bridged-ring hydrocarbon 
ring. The bridged-ring hydrocarbon ring includes but is 
not limited to bicyclic hydrocarbon rings such as pinane , 
bornane, norpinane, norbornane, etc.; tricyclic 
hydrocarbon rings such as homobrendane , adamantane, 

2 6 2 5 

tricyclo [ 5 . 2 . 1 . 0 ' ]decane, tricyclo [ 4 . 3 . 1 . 1 ' ]undecane, 
etc.; tetracyclic hydrocarbon rings such as 

2 5 7 10 

tetracyclo [ 4 . 4 . 0 . 1 ' .1 ' Jdodecane, perhydro- 1 , 4 - 
methano- 5 , 8-methanonaphthalene , etc. ; hydrogenated 
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dimers of dienes [e.g. hydrogenated dimers of 
cycoalkadienes such as cyclopentadiene , cyclohexadiene , 
cyclohept adiene , et c , (e.g. perhydro -4,7 -methanoindene 
etc.), butadiene dimer ( vinylcyclohexene) and its 
hydrogenation product , and butadiene-cyclopentadiene 
dimer ( vinylnorbornene ) and its hydrogenation product]. 
The preferred bridged-ring hydrocarbon ring usually has 
a bornane, norbornane or adamantane skeleton. 

The preferred Z ring is a bridged-ring hydrGGarbon 
ring containing 2 to 4 component rings. 
[0026] 

The Z rings (monocyclic or polycyclic hydrocarbon 

4 

rings ) usually have a substituent R • The Z ring may have 

4 

a plurality of substituents R and, in such cases, it is 

4 

only necessary that at least one of R s is any of the 

4 4 

functional groups mentioned below, with the other R or R s 

4 

may each represent a hydrogen atom. The substituent R is 
a halogen atom (e.g. bromine, chlorine or fluorine), an 
alkyl group (e.g. 0^.4 alkyl groups such as methyl, ethyl, 
butyl, t-butyl, etc.), an oxygen-containing group, an 
amino group or an N- substituted amino group. The 
oxygen-containing group includes but is not limited to 0x0 
group, hydroxy group , alkoxy groups (e.g. CjL-4 alkoxy groups 
such as methoxy, ethoxy, t-butoxy, etc.), carboxyl group, 
alkoxycarbonyl groups (e.g. C^,^ alkoxycarbonyl groups 
such as methoxycarbonyl , ethoxycarbonyl , butoxycarbonyl , 
t-butoxycarbonyl, etc, ) , cycloalkyloxycarbonyl groups 
(e.g. C3_iQ cycloalkyloxycarbonyl groups such as 
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cyclopropyloxycarbonyl , cyclobutyloxycarbonyl , 
cyclopentyloxycarbonyl , cyclohexyloxycarbonyl , 
cycloheptyloxycarbonyl , cyclooctyloxycarbonyl , etc. ) , 
aryloxycarbonyl groups (e.g. phenoxycarbonyl ) , 
aralkyloxycarbonyl groups (e.g. benzyloxycarbonyl , 
phenethyloxycarbonyl , trityloxycarbonyl , etc. ) , 
hydroxymethyl group, carbamoyl group, N- substituted 
carbamoyl groups (e.g. N-Cjl_4 alkylcarbamoyl groups), and 
nitro group. 

[0027] 

4 

The preferred substituent R includes hydroxyl group, 
alkoxy groups, carboxyl group, alkoxycarbonyl groups and 
bydroxymethyl group. Particularly, it is preferred that 

4 

the substituent R is a hydroxyl group, carboxyl group, or 
hydroxymethyl group . 
[0028] 

4 

Those substituent groups R each may be protected 
with a protective group, and this protective group may be 
a protective group which can be eliminated with an acid, 
that is to say a protective group which functions as a 
dissolution-inhibitory modifying group for preventing 
dissolution of the polymer prior to exposure to light. 

[0029] 

The protective group, for hydroxyl group and 
hydroxymethyl group includes but is not limited to 
alkoxycarbonyl groups {Ci_4 alkoxycarbonyl groups such as 
methoxycarbonyl , ethoxycarbonyl , t-butoxycarbonyl, etc.) 
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and benzyloxy group . 
[0030] 

The protective group for carboxyl group includes but 
is not limited to alkoxy groups {Cjl_4 alkoxy groups such 
as methoxy, ethoxy, t-butoxy, etc.)* aralkyloxy groups 
{ benzyloxy , p -methoxybenzyloxy , diphenylmethyloxy , 
benzhydryloxy , etc.) and N-hydroxysuccinimido group. 

[0031] 

When the substituent k is an oxygen -containing group, 
it contributes to an improved adhesion between the resist 
and the substrate. 

[0032] 

In the above-mentioned compounds, the preferred 
substituents and combinations thereof are as follows. 

(i)In at least one of the component rings forming the Z 

4 

ring, the substituent R is an oxygen-containing group, for 
example at least one member selected from hydroxyl group, 
alkoxy groups, carboxyl group, alkoxycarbonyl groups and 
hydroxymethyl group . 
[0033] 

{ii)In the formula (1), R*^ is a hydrogen atom or a 
straight -chain or branched-chain ^x-a alkyl group 

2 

(especially a hydrogen atom) and R is a hydrogen atom or 
a straight -chain or branched-chain C^.^ alkyl group . 

(iii) In the formulas (1), (2), (la), (2a), (11) and 
(12), R"*^ is a l-methyl-Ci_4 alkyl group. 

Such acid-responsive compounds include 
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(meth) acrylic esters of the following formulas. 



[0034] 



[ Formula 7 ] 




CH3 



O 

II I 
O — C — C=CH2 



i 0035 ] 



la T 
wherein R represents a C^.^ alkyl group; R 



represents a hydrogen atom or a methyl group; and the 

ring represents a bridged alicyclic hydrocarbon ring 

4 

having the substituent R . 

When, in the formulas (1), (2), (la), (2a), (11) and 
(12) , the Z ring has no substituent, is a branched- chain 
alkyl group having a tertiary carbon atom. 



The acid-responsive compounds (1) and (2) of the 
present invention can be prepared, for. example, in 
accordance with the following reaction schemes . 

[0037] 
[Formula 8] 



[0036] 
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wherein X represents halogen atom; R means the same 

2 5 
as R or represents a halogen atom; R represents a halogen 



atom or hydroxyl group , an alkoxy group , an alkenyloxy group 

12 3 4 

or an alkynyloxy group; R , R , R , R and the Z ring are 
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as defined hereinbefore. 

The halogen atom typically includes chlorine, 
bromine and iodine, and the alkoxy group includes but is 
not limited to C^.^q alkoxy groups (e.g. methoxy, ethoxy, 
t-butoxy, etc. ) . The alkenyloxy group includes but is not 
limited to 10 alkenyloxy groups (e.g. vinyloxy, allyloxy, 
1 -propenyloxy , isopropenyloxy , 1 -butenyloxy , 2- 
butenyloxy, 3-butenyloxy , 2-pentenyloxy , etc.), and the 
al'kynyioxy group includes but is not iiriiited to ^2-10 
alkynyloxy groups (e.g. ethynyloxy, propynyloxy, etc.). 

[0039] 

Referring to the above reaction schemes , the carbonyl 
compound (lb) includes, to mention typical examples, 
monocyclic compounds (cycloalkyl-l-C2_6 alkanones such as 
cyclohexyl-l-ethanone etc.), spiro compounds (e.g. 
spiro [4.5] decan-8-yl- 1-ethanone , spirobicyclohexan- 9 - 
yl- 1-ethanone , etc.), ring assembly compounds (e.g. 
bicycloalkyl- I-C2-6 alkanones such as bicyclohexan-4- 
yl- 1-ethanone etc.), fused-ring compounds (e.g. 
perhydronaphthyl - 1 - ethanone , perhydrophenanthrenyl - 1 - 
ethanone, etc.), bridged-ring compounds (e.g. bicyclic 
compounds such as bornan- 2 -yl- 1-ethanone, bornan-3-yl- 
1-ethanone, norbornan- 2 -yl- 1-ethanone, etc. and tricyclic 
compounds such as adamantyl-l-C2_6 alkanones, e.g. 
adamantan- 1-yl-ethan- 1-one , adamantan- 1 -yl-propan- 1-one , 
adamant an - 1 - y 1 - but an - 1 - one , me thy ladaman t an - 1 -yl - 
ethan-l-one, etc.); and derivatives from hydrogenated 
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dimers of dlenes (e.g. perhydro-4 , 7-methanoindenyl- 1 -C2.6 
alkanones such as perhydro -4,7 -methanoinden - 1 -yl - 1 - 
ethanone etc) . 
[0040] 

2a 

The carbonyl compound (lb) in which R is a halogen 
atom, i.e. the acid halide, includes but is not limited 
to monocyclic compounds ( cyclohexanecarbonyl halides 
etc . ) , spiro compounds ( spiro [4.5] decane- 8 -carbonyl 
halides etc.), ring assembly eGmpounds (bicyclohexane- 
4 -carbonyl halides etc.), f used-ring compounds 
( perhydr ©naphthalene - 1 - carbonyl halides , 
perhydrophenanthrene-1 -carbonyl halides etc.), 
bridged- ring compounds (bicyclic compounds such as 
bornane - 2 - carbonyl halides , norbornane - 2 - carbonyl 
halides, etc. and tricyclic compounds such as 
adamantane-1 -carbonyl halides etc. ) , and derivatives from 
hydrogenated dimers of dienes (perhydro-4 , 7- 
methanoindene- 1 -carbonyl halides etc. ) . 

[0041] 

The carbonyl compound (2b) includes but is not 
limited to monocyclic Icetones (e.g. cycloalkanones such 
as cyclohexanone , methylcyclohexanone , etc.), spiro-ring 
ketones ( spiro[ 4 . 5 ]decan-8-one, spirobicyclo-hexan-9-one , 
etc.), ring assembly ketones (e.g. bicycloalkanones such 
as bicyclohexan- 4-one etc.), fused-ring compounds 
( perhydr onaph t halen - 1 - one , perhydronaphthalen - 2 - one , 
perhydrophenanthren-l-one, etc.), bridged-ring compounds 
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(e.g. bicyclic compounds such as bornan-2-one, bornan- 
3-one, norbornan-2 -one and tricyclic compounds such as 
adamantanone , methyladamantanone , dimethyladamantanone , 
etc. ) , and derivatives from hydrogenated dimers of dienes 
(e.g. perhydro- 4 , 7 -methanoinden- 1 -one etc . ) . 
[ 0042 ] 

In the above reaction schemes, the reaction of the 
carbonyl compound (lb) or (2b) with the reagent R'^^MgX (3) 
can be earned out according to the conventional Grignard 
reaction. The amount of the Grignard reagent R'^^MgX (3) 
relative to 1 mol of the carbonyl compound (lb) or (2b) 
may for example be about 0 . 8 to 3 mols (e.g. 1 to 2 . 5 mols ) , 
preferably about 1 to 2 mols, more preferably about 1 to 
1.5 mols. When the carbonyl compound (lb) to be used has 

2a 2 

a halogen atom for R , the compound (Ic) wherein R is the 
same as R"*^ can be produced by reacting 2 mols of the Grignard 
reagent R'^MgX (3) relative to 1 mol of the carbonyl compound 
(lb) , 

[0043] 

This reaction can be conducted in an inert solvent 
to the reaction, such as hydrocarbons (hexane, cyclohexane, 
etc.), ethers (dimethyl ether, diethyl ether, 
tetrahydrof uran , etc.), to mention just a few preferred 
solvents. The reaction temperature can be suitably 
selected from the range of, for example, about 0 to 100°C, 
preferably about 10 to SO^'C. 

[0044] 
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The reduction reaction of carbonyl compound (lb) 

2a 2 

(wherein the carbonyl compound corresponding to R =R ) 
with a reducing agent can be carried out according to a 
conventional method, for example by catalytic 
hydrogenation using hydrogen as the reducing agent or by 
the reduction reaction using a hydrogenation reducing 
agent . 

[0045] 

The catalyst for the catalytic hydrogenation 
includes but is not limited to elemental metals (simple 
metals) such as platinum, palladium, nickel, cobalt, iron 
and copper and compounds containing such metal elements 
(e.g. platinum oxide, palladium black, palladium- carbon , 
copper chromite, etc.). The amount of the catalyst is 
generally about 0.0 2 to 1 mol relative to 1 mol of the 
substrate- The reaction temperature for catalytic 
hydrogenation may for example be about -20°C to 10°C (e.g. 
0 to 70°C) . The hydrogen pressure is generally 1 to 10 
atmospheres in many instances. 

[0046] 

Referring to the reduction reaction using a 
hydrogenation reducing agent, the hydrogenation reducing 
agent which can be used includes but is not limited to 
aluminum hydride, lithium aluminum hydride, sodium boron 
hydride, lithium boron hydride and diborane. The amount 
of the hydrogenation reducing agent used relative to 1 mol 
of the substrate is generally not less than 1 mol (for 
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example, about 1 to 10 mols) in many instances. In many 
cases of reduction using a hydrogenation reducing agent, 
the reaction temperature is generally about 0 to 200°C (for 
example 0 to 170°C) . 
[0047] 

The above reduction reaction (catalytic 
hydrogenation method, the process using a hydrogenation 
reducing agent) may be carried out in a solvent inert to 
the reduction reaction (for example, hydrocarbons, 
carboxylic acids , ethers , esters and eimides ) . 

[0048] 

The hydroxy compound (Ic) or (2c) formed by the 
reaction, optionally isolated, is subjected to the 
esterif ication reaction using (meth)acrylic acid or a 
derivative thereof (5) to give the acid-responsive 
compound ( 1 ) or ( 2 ) . 

[ 0049 ] 

The (meth ) acrylic acid or its derivative (5), 
mentioned above, includes (meth) acrylic acid, 
(meth ) acrylic anhydride, and reactive derivatives having 
a leaving group [e.g. acid halides ( (meth) acryloyl 
chloride, (meth) acryloyl bromide, etc.), (meth) acrylic 
acid alkyl esters such as C^.g alkyl (meth) aery lates (e.g. 
methyl (meth)acrylate , ethyl (meth ) acrylate , propyl 
(meth ) acrylate , butyl (meth)acrylate , isobutyl 
(meth ) acrylate , t-butyl (meth) acrylate , etc.), 
(meth) acrylic acid allcenyl esters (e.g. C2-10 allcenyl 
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(meth)acrylates such as vinyl (meth)acrylate , allyl 
( meth ) acrylat e , 1 - propenyl ( meth ) acrylate , isopropenyl 
( meth ) acrylate , 1 -butenyl ( meth ) acrylate , 2 -butenyl 
( meth ) acrylate , 3 -butenyl (meth ) acrylate , 2 -pentenyl 
( meth) acrylate , etc ,) . and alkynyl esters of (meth) acrylic 
acid (e.g. C2_io alkynyl (meth)acrylates such as ethynyl 
(meth) acrylate, propynyl (meth) acrylate , etc.)]. 
[0050] 

The prefer red CGmpGund (5) xncludes (meth) acrylic 
acid, (meth) acryloyl halides , C^.^ lower alkyl esters of 
(meth)acrylic acid, C2_6 alkenyl esters of (meth) acrylic 
acid, and C2_6 alkynyl esters of (meth) acrylic acid. 
Particularly with a (meth ) acryloyl halide or a C2-e alkenyl 
(meth) acrylate, the corresponding acid- responsive 
compound can be obtained with high selectivity and in high 
yield through a leaving group exchange reaction while side 
reactions such as addition polymerization are inhibited. 

[0051] 

The above esterif ication reaction can be carried out 
by a conventional manner, for example in the presence of 
a suitable catalyst (an acid catalyst). When a 
(meth) acryloyl halide is used, there are cases in which 
the acid-responsive compound is contaminated with the 
halogen component. Therefore, this esterif ication 
reaction is preferably effected by the esterif ication 
reaction using (meth) acrylic acid or the 
transesterif ication reaction. The esterif ication 
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reaction and transesterif ication reaction can be conducted 
using the conventional esterif ication catalyst (for 
example a non-halogen series inorganic acid such as 
sulfuric acid, hydrochloric acid, a sulfonic acid such as 
p- toluenesulf onic acid, a protonic acid such as acidic ion 
exchange resin, a Lewis acid such as boron trifluoride, 
an enzyme, etc.) and a transesterif ication catalyst (for 
example, the esterif ication catalysts, alkali metal 
alkoxide such as sodium alkoxides , alominam alkoxi.des , 
titanic acid esters, etc,)- 
[0052] 

To enhance the reaction efficiency and obtain the 
objective acid-responsive compound in high yield, the 
esterif ication reaction (inclusive of leaving group 
exchange reactions such as transesterif ication ) between 
the hydroxy compound (Ic) or (2c) and (meth) acrylic acid 
or a derivative thereof (5) is conducted with advantage 
in the presence of a catalyst comprised of a compound of 
a Group 3 element of Periodic Table of the Elements . In 
the reaction utilizing such a catalyst, the formation of 
the amine hydrochloride can be inhibited and, when a Cjl_4 
lower alkyl ester or C2_4 alkenyl ester of (meth) acrylic 
acid is used, the objective compound can be protected 
against contamination with the halogen component. 
Moreover, because a low-boiling compound (e.g. the above 
ester) can be used as the (meth)acrylic acid or derivative 
(5), the treatment after the reaction is easy and the 



isolation yield can be dramatically increased. 
[0053] 

Referring to the catalyst comprised of a compound 
of Group 3 element , the Group 3 element includes rare earth 
elements, e.g. scandium, yttrium, lanthanide series 
elements (lanthanum, cerium, praseodymium, neodymium, 
promethium, samarium, europium, gadolinium, terbium, 
dysprosium, holmium, erbium, thulium, ytterbium, 
lutetxum) ] , and actinoid series elrements (e.g. actiniUm 
etc. ) . The preferred Group 3 element includes rare earth 
elements, such as scandium, yttrium, and lanthanoid series 
elements (samarium, gadolinium, ytterbium, etc.). 

[0054] 

The valence of the Group 3 element is not particularly 
restricted but is often bivalent to tetravalent , 
particularly bivalent or trivalent . The compound of Group- 
3 element, mentioned above, is not particularly restricted 
only if it has the necessary catalyst activity, and may 
be an elemental metal or a compound or complex of the metal 
with an inorganic compound (e.g. a halide, oxide, double 
oxide, phosphorus compound or nitrogen compound) or an 
organic compound (e.g. an organic acid) . In many instances , 
it is the hydroxide or oxo-acid salt, organic acid salt, 
inorganic acid salt or halide containing the metal element 
or a coordination compound (complex) containing the metal 
element . The complex may be a k complex such as a 
metallocene compound. Furthermore, the compound of Group 
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3 element may be a double salt compound (complex metal 
compound) with another metal. Those catalysts can be used 
each alone or in a combination of two or more species . 
[0055] 

The catalyst component is now described in further 
detail taking a samarium compound as an example, it being, 
however, to be understood that the compounds of other Group 
3 elements which correspond to the samarium compound can 
be used likewise with success . 

[0056] 

The hydroxide includes samarium (11) hydroxide and 
samarium (III) hydroxide, for instance, and the metal oxide 
includes samarium (II) oxide and samarium (III) oxide, for 
instance . 

[0057] 

The organic acid salt includes but is not limited 
to salts with such organic acids as organic carboxylic acids 
(monocarboxylic acids, polycarboxylic acids), 
hydroxycarboxylic acids, thiocyanic acid or sulfonic acids 
{ alkylsuf onic acids, benzenesuf onic acid, arylsulfonic 
acids, etc. ) . The inorganic acid salt includes but is not 
limited to the nitrate, sulfate, phosphate, carbonate and 
perchlorate . The organic acid salt and inorganic acid salt , 
mentioned above, include but are not limited to samarium 
acetate, samarium trichloroacetate , samarium 
trif luoroacetate , samarium trif luoromethanesulf onate 
(i.e. samarium triflate), samarium nitrate, samarium 



sulfate, samarium phosphate and samarium carbonate. 
[0058] 

The halide may for example be the fluoride, chloride, 
bromide or iodide. 
[0059] 

The ligand forming the complex includes OH (hydroxo) , 
alkoxy, acyl, alkoxycarbonyl , acetylacetonato , 
cyclopentadienyl , Cjl_4 alkyl-substituted cyclopentadienyl 
(e.g. Cj^_2 alkyl-substituted cyclopentadieTiyl groups such 
as pentamethylcyclopentadienyl etc. ) , dicyclopentadienyl , 
Ci_4 alkyl-substituted dicyclopentadienyl (e.g. Ci_2 
alkyl-substituted dicyclopentadienyl such as 
pentamethyldicyclopentadienyl etc.), halogen, CO, CN, 
oxygen, H2O (aqua) , phosphorus compounds such as phosphines , 
nitrogen -containing compounds such as NH3 (ammine) , NO, NO2 
(nitro) , NO3 (nitrato), ethylenediamine , 
diethylenetriamine , pyridine, phenanthroline , etc. 
Referring to the complexes or complex salts, one or more 
similar or dissimilar ligands may be coordinated. 

[0060] 

Among the complexes , samarocene complexes include 
diacetylacetonatosamarium ( II ) , 
triacetylacetonatosamarium ( III ) , 
dicyclopentadienylsamarium ( II ) , 

tricyclopentadienylsamarium (III) , dipentamethyl- 

cyclopentadienylsamarium (II) and 

t ripen tamethylcyclopentadienylsamarium ( III ) . 
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[0061] 

When the compound of Group 3 element [the bivalent 
samarocene complex having the pentamethylcyclopentadienyl 
ligands which are highly electron -donative 
[ (C^Me^) 2Sm; ( PMSm) ] or any of samarium compounds such as 
samarium halides, alkoxide, hydroxide, etc.] is used as 
the catalyst, esterif ication proceeds with a higher 
efficiency and with side reactions inhibited as compared 
with the reaetion in the presence of a Lewis acid catalyst 
or a protonic acid catalyst even in esterif ication 
reactions which are handicapped as equilibrium reactions. 
Thus, this catalyst is useful for producing the acid- 
responsive compounds ( 1 ) and { 2 ) by a leaving group exchange 
reaction such as transesterif ication . 

[0062] 

The catalyst comprised of a compound of Group 3 
element may be a homogeneous system or a heterogeneous 
system. Moreover, the catalyst may be an solid catalyst 
comprising the compound of Group 3 element supported on 
a support or carrier. The support is usually a porous 
support such as activated carbon, zeolite, silica, 
silica-alumina, bentonite or the like. The amount of the 
supported catalyst component is about 0.1 to 50 parts by 
weight, preferably about 0.5 to 30 parts by weight, more 
preferably about 1 to 20 parts by weight relative to 100 
parts by weight of the support. 

[0063] 
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The amount of the catalyst (e.g. the catalyst 
comprised of the compound of Group 3 element) can be 
liberally selected from a broad range, for excimple the range 
of about 0.1 mol % to 1 equivalent, preferably about 0.5 
to 50 mol %, more preferably about 1 to 2 5 mol % (e.g. about 
5 to 20 mol %) , based on the hydroxy compound (Ic) or (2c) . 

[0064] 

The esterif ication reaction mentioned above 
(particularly the reaction using the compound of Group 3 
element as the catalyst) may be conducted in the presence 
of an oxime . The oxime may be whichever of an aldoxime or 
a ketoxime and includes aliphatic oximes such as 2-hexanone 
oxime etc. , alicyclic oximes such as cyclohexanone oxime 
etc., and aromatic oximes such as acetophenone oxime, 
benzophenone oxime, benzyl dioxime, etc. 

[0065] 

The amount of the oxime can be selected from a broad 
range, for example the range of about 0.1 mol % to 1 
equivalent, preferably about 1 to 50 mol %, more preferably 
about 5 to 40 mol % (e.g. about 5 to 30 mol %), based on 
the hydroxy compound (Ic) or (2c). 

[0066] 

The ratio of (meth) acrylic acid or its derivative 
( 5 ) to hydroxy compound ( Ic ) or ( 2c ) is about 0 . 5 to 5 mols , 
preferably about 0.8 to 5 mols, more preferably not less 
than 1 mol (e.g. about 1 to 3 mols, particularly about 1 
to 1.5 mols) of (meth) acrylic acid or derivative (5) per 
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equivalent of hydroxy compound (Ic) or (2c) (that is the 
weight of the hydroxy compound per hydroxyl group) . Since 
the esterif ication reaction is an equilibrium-controlled 
reaction, it is more advantageous to use a larger proportion 
of (meth) acrylic acid or derivative thereof (5) for 
accelerating the reaction but because of the usually high 
catalyst activity of the compound of Group 3 element, 
(meth) acrylic acid or derivative thereof (5) need not be 
used in a large excess. Farticulaxly , in the react ioii 
involving a combination of reactants which is very 
unfavorable from the standpoint of reaction equilibrium, 
the use of the alkenyl ester having a vinyl leaving group 
(e.g. vinyl ester) as the (meth) acrylic acid or derivative 
thereof (5) rather leads, in many instances, to an early 
completion of reaction and a better result even if the 
compound (Ic) is used in a proportion of only 1 mol or less 
(e.g. 0 . 4 to 1 mol , particularly 0 . 5 to 1 mol ) per equivalent 
of the leaving group of hydroxy compound (Ic) or (2c). 
[0067] 

In the process using the catalyst, the heat of 
reaction is not so high as in the process using an acid 
halide such as (meth) acryloyl chloride so that the reaction 
can be smoothly conduced in a small amount of solvent and 
the end product can be obtained in a higher yield. 

[0068] 

The esterif ication reaction mentioned above can be 
carried out in the presence or absence of a solvent inert 
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to the reaction. The reaction solvent which can be used 
includes but is not limited to aliphatic hydrocarbons, 
alicyclic hydrocarbons, aromatic hydrocarbons, polar 
aprotic solvents such as ketones, ethers, amides, N- 
methylpyrrolidone , nitriles, etc. and mixed solvents 
thereof. As the reaction solvent, (meth) acrylic acid or 
derivative thereof (5) may be used. 
[0069] 

V*hen a highly hydrophilic species of hydroxy cornpound 
(Ic) or (2c) is used, the solvent may be a hydrophilic 
solvent (ketones such as acetone, methyl ethyl ketone , etc. , 
ethers such as dioxane, diethyl ether, tetrahydrof uran , 
etc. , and other polar aprotic solvents) , or a mixed solvent 
of a hydrophilic solvent and a hydrophobic solvent (an 
aliphatic, alicyclic or aromatic hydrocarbon). 

[0070] 

Since the above reaction is an equilibrium- 
controlled reaction, it is advantageous to remove the 
reaction- interfering components such as the cleaved 
(eliminated) component from the reaction system for 
accelerating the reaction. For removal of the eliminated 
component, it is advantageous to use a high-boiling solvent 
(for example an organic solvent boiling at 50 to 120°C, 
particularly about 60 to 115°C) or an azeotropic solvent 
(for example the hydrocarbons). 

[0071] 

The esterif ication reaction temperature can be 
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selected from the range of, for example, about 0 to 150°C, 
preferably about 25 to 120°C. When the catalyst comprised 
of the compound of Group 3 element is used, the acid- 
responsive compound forms with high efficiency even under 
mild conditions. Thus, the reaction temperature may for 
example be about 0 to ISC'C, preferably about 10 to 100°C, 
more preferably about 20 to 80°C. Particularly when the 
alkenyl ester, for instance, is used as the (meth) acrylic 
acxd or derivative { 5 ) , the reaction can be smoothly car ried 
through even under mild conditions, namely at about 20 to 
50°C . The reaction can be conduced at atmospheric pressure , 
under applied pressure or at elevated pressure. Moreover, 
the reaction can be carried out batchwise, semi-batchwise 
or continuously in the conventional manner. 
[0072] 

After completion of the reaction, the acid- 
responsive compound (1) or (2) can be easily isolated and 
purified by such separatory means as filtration, 
concentration, distillation, extraction, crystallization, 
recrystallization , column chromatography, etc. as applied 
independently or in combination. 

[0073] 

[Photoresist resin composition] 

The photoresist resin composition of this invention 
is characterized in that at least a polymer containing the 
unit of formula (11) or (12) (e.g. a unit having an 
adamantane slceleton) and a photoactive acid precursor 
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( photoactive acid generator) are used in combination and 
that the polymer is solubilized by irradiation with light. 
Thus, probably because the ester bond (linkage) which is 
adjacent to the bulky, hydrophobic Z ring is stably 
eliminated with high efficiency by the acid produced by 
the irradiation, a fine-line resist pattern can be formed 
with high accuracy and reproducibility while the high 
sensitivity and high etching resistance are maintained. 

T r\r\n A i 

L V vy / ~* J 

Furthermore, because a polymer containing the 
acid-responsive compound (1) or (2) as a repeating unit 
is highly soluble in a organic solvent for photoresist use, 
the precipitation of the polymer can be prevented and the 
stability of the photoresist solution be improved. In 
addition, because of the high adhesion of the solution to 
the substrate, resist patterns can be obtained with high 
accuracy. Moreover, the cleaning and removing by a 
development procedure such as dry etching after pattern 
exposure can be neat and thorough so that the sensitivity 
of pattern formation is high. 

[0075] 

4 

Particularly when the substituent group R on the Z 
ring has a hydroxyl, alkoxy, carboxyl, alkoxycarbonyl or 
hydroxymethyl group or a group derived from any of such 
groups, marked improvements can be realized in the 
above-mentioned characteristics. Moreover, when the Z 
ring is an alicyclic hydrocarbon ring, the dry-etching 
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resistance is high and particularly when it is a polycyclic 
hydrocarbon ring, the degree of developer- induced swelling 
is low so that the circuit pattern can be formed with good 
accuracy . 

[0076] 

The polymer mentioned above may be a homopolymer or 
a copolymer of the acid-responsive compound or compounds 
represented by formula (1) or/and (2) or a copolymer of 
the acid -responsive compound or compounds of f criuula ( 1 ) 
or/and ( 2 ) with one or more other copolymerizable monomers . 

[0077] 

The copolymerizable monomers mentioned above 
include but are not limited to (meth) acrylic monomers (e.g. 
(meth) acrylic C^.^q ^H^yI esters such as methyl 
(meth) acrylate , ethyl (meth) acrylate , isopropyl 
(meth)acrylate, butyl (meth) acrylate , s -butyl 
(meth) acrylate , t -butyl (meth) acrylate , hexyl 
(meth) acrylate , octyl (meth) acrylate , 2-ethylhexyl 
(meth) acrylate , etc.; (meth)acrylic hydroxy C2_6 alkyl 
esters such as 2 -hydroxy ethyl (meth) acrylate, 2- 
hydroxypropyl ( meth ) acrylate , etc . ; glycidyl 
( meth ) acrylate , ( meth ) acrylonitrile , cyclohexyl 
(meth) acrylate , phenyl (meth) acrylate, etc.). styrenic 
monomers (styrene, a-methylstyrene , vinyltoluene , etc.), 
vinyl ester monomers (vinyl acetate, vinyl propionate, 
etc. ) , carboxyl group-containing monomers ( (meth) acrylic 
acid, maleic anhydride, itaconic acid, maleic monoesters , 
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etc), sulfonic acid group-containing monomers 

( styrenesulf onic acid etc.)r lactone ring-containing 

monomers , and monomers having an alicyclic hydrocarbon 

ring. 

[0078] 

The lactone ring-containing monomers include but are 
not limited to (meth) acrylic monomers of the following 
formula: 

I 007 9 ] 
[Formula 9] 

• Rx O — COC=CH-> 

RdO— C0C=CH2 f^\^^yj—K.^ v,n2 

particularly ^ 

I (CH2)p S^"2'P1 (CH2)p2 

0 1 O 

O O 

[0080] 

wherein R represents hydrogen atom or methyl group; 
R*^ represents hydrogen atom or a C-^_^ alkyl group; p 
represents an integer of about 2 to 15; pi and p2 each 
represents an integer of about 0 to 8; pl+p2 = about 1 to 
14 

and the allyl monomers corresponding to the above 
monomers . 

[0081] 

The Ci_4 alkyl group mentioned for R^ includes methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl and t -butyl . R^ 
is usually a hydrogen atom or a methyl group. The integer 



p is usually about 3 to 10, particularly about 3 to 6 . 
Moreover, pi and p2 each is usually an integer of 0 to 8 , 
and pl+p2 = about 2 to 9 (preferably 2 to 5 ) . The numbers 
and substitution positions of the (meth) acryloyloxy group, 
allyloxy group and Rd are not particularly restricted; thus , 
they may be located in suitable positions on the lactone 
ring. 

[0082] 

The monomer haviTiy an allcyclic hydrocarbon ring 
includes but is not limited to (meth) acrylates having a 
monocyclic hydrocarbon ring and (meth) acrylates having a 
polycyclic hydrocarbon ring ( spiro hydrocarbon ring, ring 
assembly hydrocarbon ring, f used-ring hydrocarbon ring and 
bridged -ring hydrocarbon ring) . The (meth) acrylates 
having a monocyclic hydrocarbon ring include but are not 
limited to C^_^q cycloalkyl (meth) acrylates such as 
cycloheptyl ( meth ) acrylate , cyclohexyl ( meth ) acrylat e , 
cyclopentyl (meth) acrylate , and cyclooctyl (meth) acrylate . 
The (meth) acrylates having a spiro hydrocarbon ring 
include but are not limited to (meth) acrylates having a 
spiro Cg.ig hydrocarbon ring, such as spiro [ 4 . 4 ] nonyl 
( meth ) acrylate , spiro [4.5] decanyl ( meth ) acrylate and 
spirobicyclohexyl ( meth ) acrylate . The ( meth ) acrylates 
having a ring assembly hydrocarbon ring include but are 
not limited to (meth) acrylates having 05.12 cycloalkane 
rings such as bicyclohexyl (meth ) acrylate , and the 
(meth) acrylates having a f used-ring hydrocarbon ring 
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include but are not limited to (meth) acrylates having a 
5 to 8 -membered cycloalkane fused ring, such as 
perhydronaphthyl ( meth ) acrylate , perhydroanthryl 
( meth ) acrylate , etc . 
[0083] 

The (meth) acrylates having a bridged-ring 
hydrocarbon ring include but are not limited to 
(meth) acrylates having a bicyclic hydrocarbon ring, such 
as bornyl (meth ) acrylate , norbornyl ( me th ) acrylate , 
isobornyl ( meth ) acrylate , isobornyloxyethyl 
(meth) acrylate, etc.; (meth) acrylates having a tricyclic 
hydrocarbon ring, such as dicyclopentadienyl 
( meth ) acrylate , dicyclopent enyl ( meth ) acrylate , 
dicyclopentenyloxyalkyl ( meth) acrylates , tricyclodecanyl 

2 6 

(meth) acrylate, tricyclo [ 5 . 2 . 1 . 0 ' ]decanyl 

( meth ) acrylate , tricyclodecanyloxyethyl ( meth ) acrylate , 

2 5 

tricyGlo[ 4 . 3 . 1 . 1 ' lundecanyl (meth) acrylate , adamantyl 
(meth) acrylate , etc.; and (meth) acrylates having a 
tetracyclic hydrocarbon ring such as a 

2 5 7 10 

tetracyclo [ 4 . 4 . 0 . 1 ' .1 ' ]dodecane ring, a perhydro- 
1 , 4-methano-5 , 8-methanonaphthalene ring, etc. 
[0084] 

Those copolymerizable monomers may have a variety 
of substituents (e.g. polar groups such as oxo , hydroxyl , 
alkoxy, carboxyl, alkoxycarbonyl , cycloalkyloxycarbonyl , 
aryloxycarbonyl , aralkyloxycarbonyl , hydroxymethyl , 
carbamoyl, N- substituted carbamoyl, nitro, etc.). Those 
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copolymerizable monomers can be used each alone or in a 
combination of two or more species . 
[0085] 

The proportion of the acid-responsive compound (1) , 
(2) in the copolymer may for example be about 10 to 100 
weight % (e.g. 15 to 90 weight %), preferably about 25 to 
100 weight % (e.g. 30 to 75 weight %) , more preferably about 
30 to 100 weight % (e.g. 35 to 70 weight %). 

[0086] 

The photoactive acid precursor which can be used 
includes the conventional compounds which, when exposed 
to light, form acids (protonic acids or Lewis acids) with 
high efficiency, for example diazonium salts, iodonium 
salts, sulfonium salts, oxathiazole derivatives, s- 
triazine derivatives, imide compounds, oxime sulfonates, 
diazonaphthoquinone , sulfonic esters [ 1-phenyl- 1- ( 4- 
methylphenyl ) sulf onyloxy- 1 -benzoylmethane , 1,2,3- 
trisulf onyloxymethylbenzene , 1 , 3-dinitro-2- ( 4- 
phenylsulf onyloxymethyl ) benzene , 1-phenyl- 1 - ( 4 - 
methylphenyl ) sulf onyloxymethyl- 1 -hydroxy- 1 - 
benzoylmethane, disulfone derivatives ( diphenyl disulf one 
etc.), benzoin tosylate, etc.] or Lewis acids 
( triphenylsulf onium hexaf luoroantimonate ( ( Ph) 3S'^SbF6") , 
triphenylsulf onium hexaf luorophosphate ( ( Ph ) 3S^PF6' ) , 
triphenylsulf onium methanesulf onyl ( ( Ph) 3S^CH3S03" ) , 
diphenyliodonium hexaf luorophosphate , etc.). In the 
above description, Ph represents a phenyl group. 
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[0087] 

Those photoactive acid precursors can be used each 
alone or in a combination of two or more species. 
[0088] 

The amount of the photoactive acid precursor can be 
selected according to the strength of the acid that will 
be produced by irradiation and the amount of the acid- 
responsive compound, among other conditions, for example 
from the xange of aboal: 0 .1 to 30 par ts by weight , pref erably 
about 1 to 25 parts by weight, more preferably about 2 to 
20 parts by weight, relative to 100 parts by weight of the 
polymer . 

[0089] 

The photoresist resin composition may contain an 
alkali -soluble component such as alkali- soluble resin 
( novolac resin , phenolic resin , carboxyl- containing resin, 
etc), a coloring agent (dye), an organic solvent, etc. 
The organic solvent includes but is not limited to 
hydrocarbons, halogenated hydrocarbons , alcohols, esters, 
ketones, ethers, cellosolves (methylcellosolve , 
ethylcellosolve , butylcellosolve , etc. ) , carbitols, 
glycol ether esters (mono- or polyalkylene glycol 
monoalkyl ether esters, cellosolve acetates such as 
ethylcellosolve acetate, propylene glycol monomethyl 
ether acetate, propylene glycol monoethyl ether acetate, 
etc. ) and mixed solvents thereof. The polymer containing 
the acid-responsive compound (the compound in which the 
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Z ring has the substituent r"* ) as a constituent unit is 
characteristically well- soluble in the organic solvent 
component of the photoresist. 
[0090] 

Further, the photoresist resin composition may be 
freed of contaminants by the cobventional separation and 
purification procedure such as the use of a filter. 

[0091] 

The phot ores is t resin couvposition of this invention 
can be prepared by mixing the polymer and the photoactive 
acid precursor- After this photoresist resin composition 
is coated on a substrate or base and dried, the resulting 
layer (resist film) is exposed to light through a given 
mask to form a latent pattern and then developed, providing 
a fine- line pattern with high accuracy. The sensitivity 
and the pattern resolution are high. 

[0092] 

The substrate or base can be selected according to 
the intended use of the photoresist resin composition and 
may for example be a silicon wafer or a metal, plastic, 
glass, ceramic or other substrate- The coating with the 
photoresist resin composition can be effected by the 
conventional procedure suited to each application, for 
example by the spin coating technique or the roll coating 
technique. The thiclcness of coating layer comprising the 
photoresist resin composition can be judiciously selected 
from the range of, for example, about 0.1 to 20 jxm. 
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[0093] 

For the exposure to light, light beams of various 
wavelengths, e.g. ultraviolet rays and X-rays, can be 
employed. For the exposure of resists for semiconductor 
manufacturing, g-line, i-line, and excimer laser (e.g. 
XeCl, KrF, KrCl, ArF, ArCl, etc.) beams can be utilized. 

[0094] 

The exposure beam energy can be selected from the 

ranyti of, for example, about 1 to 1000 iiiJ/cm , preferably 

2 

about 10 to 500 mJ/cm . 
[0095] 

On irradiation, an acid is generated from the acid 
precursor and the group containing the Z ring (usually the 
alcohol containing the Z ring) is eliminated by the 
generated acid and a carboxyl group contributory to 
solubilization is generated. Therefore, the desired 
pattern can be formed using an aqueous developer or an 
alkali developer. Particularly because the photoresist 
resin composition of the present invention has the Z ring, 
such as an adamantane skeleton, it is highly resistant to 
etching (dry etching in particular) so that an elaborate 
circuit pattern can be formed with high accuracy. 
Incidentally, the cleavage of the group containing the Z 
ring may be promoted by exposure and post -exposure baking 
(FEB). 

[0096] 

The present invention can be embodied in various 
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applicatxons , such as circuit -forming materials (resists 
for semiconductor manufacturing, printed circuit boards, 
etc.) and image-forming materials (printing plates, relief 
images , etc , ) . 
[0097] 

[Introduction of functional groups] 

Tlie acid-responsive compounds (1) and (2) and tJie 
polymer component units (11) and (12) have the substituent 

4 4 

R as mentioned above . The substituent R can be introduced 
in a suitable stage among the above-described reaction 
stages or after completion of the relevant reaction. The 
hydroxyl group, for instance, can be given by a conventional 
oxidation process using nitric acid or chromic acid, an 
oxidation process using oxygen with a cobalt salt as the 
catalyst or a biochemical oxidation process, for instance, 
or generated by a method which comprises introducing a 
halogen atom (e.g. a bromine atom) and then carrying out 
a hydrolysis reaction using an inorganic salt such as silver 
nitrate or silver sulfate to thereby introduce a hydroxyl 
group. As a preferred method, the method using an 
oxidation catalyst as described in Japanese Patent 
Application Laid-Open No . 327626/1997 , for instance, can 
be mentioned. In this oxidation method, the substrate 
compound of formula (la), (2a), (lb), (2b), (Ic) or (2c) 
or the polymer component unit (11) or (12) can be oxidized 
with oxygen in the presence of an oxidation catalyst 
comprised of a certain imide compound or an oxidation 
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catalyst comprised of the imide compound and a co-catalyst 
to thereby introduce a hydroxyl group, 
[0098] 

The imide compound mentioned above includes 
compounds having N- hydroxy imide groups (e.g. aliphatic, 
alicyclic and aromatic compounds each having about 1 to 
3 N- hydroxy imido groups), such as N-hydroxysuccinimide , 
N-hydroxymaleimide , N-hydroxyhexahydrophthalimide , 
N , N " - dihy dr oxy cy c 1 ohexai i e1: e 'c r ac ar box imi de , N - 
hydroxyphthalimide , N-hydroxytetrabromophthalimide , N- 
hydroxytetrachlorophthalimide , N-hydroxyhetimide , N- 
hydroxyhimimide , N-hydroxytrimellitimide , N , N ' - 
dihydroxypyromellit imide , and N , N ' - 
dihydroxynaphthalenetetracarboximide , Among the 
preferred compounds are N- hydroxy imide compounds derived 
from alicyclic polycarboxylic anhydrides, particularly 
those derived from aromatic polycarboxylic anhydrides , for 
example N- hydroxyphthalimide . 

[0099] 

Such imide compounds have high oxidizing activity 
and are capable of promoting an oxidation reaction 
catalytically even under mild condition. Furthermore, by 
oxidizing a substrate in the presence of the imide compound 
and a co- catalyst, a hydroxyl group can be introduced with 
high efficiency. 

[0100] 

The co-catalyst includes metal compounds, for 
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example compounds containing elements of Group 2A of 
Periodic Table of the Elements, transition metal elements 
(e.g. Group 3A elements. Group 4A elements. Group 5A 
elements. Group 6A elements. Group 7A elements. Group 8 
elements. Group IB elements, and Group 2B elements) and 
elements of Group 3B (boron B, aluminum Al , etc.) of the 
Periodic Table of Elements. 
[0101] 

The pref erred cg- catalyst includes Group 4A elements 
such as Ti, Zr, etc.. Group 5A elements such as V, Group 
6A elements such as Cr, Mo, W, etc. , Group 7A elements such 
as Mn, Tc, Re, etc.. Group 8 elements such as Fe, Ru, Co, 
Rh, Ni, etc., and Group IB elements such as Cu. 

[0102] 

The CO -catalyst may for example be an elemental metal 
or a hydroxide thereof but, in many instances, metal oxides 
(double oxides or oxo-acid salts), organic acid salts, 
inorganic acid salts and halides containing the elements, 
coordination compounds (complexes) and polyacids 
(heteropolyacids and isopolyacids ) or their salts 
containing the metal elements are used. 

[0103] 

The oxidation catalyst comprised of the imide 
compound or the oxidation catalyst comprising the imide 
compound and co-catalyst may be a homogeneous system or 
a heterogeneous system. Moreover, the oxidation catalyst 
or oxidation catalyst system may be a solid catalyst 
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comprising a catalytic component supported on a support 
or carrier . 

[0104] 

The ratio of the co-catalyst to the imide compound 
can be selected from the range of, for example, about 0.001 
to 10 mols of the co-catalyst relative to 1 mol of the imide 
compound. In order to maintain the activity level of the 
oxidation catalyst system high, the amount of the co- 
cat aiyst is preferably from an effective amount to 0.1 mol 
( for example , about 0.001 to 0 . 1 mol , preferably about 0 . 005 
to 0.08 mol, more preferably about 0.01 to 0.07 mol) 
relative to 1 mol of the imide compound. 

[0105] 

The amount of the imide compound relative to 1 mol 
of the substrate is about 0.001 to 1 mol (0.01 to 100 mol % ) , 
preferably about 0.001 to 0 . 5 mol (0.1 to 50 mol %), more 
preferably about 0.01 to 0.30 mol. 

[0106 ] 

The amount of the co-catalyst relative to 1 mol of 
the substrate is about 0.0001 mol (0.1 mol %) to 0 . 5 mol, 
preferably about 0.001 to 0 . 3 mol, more preferably about 
0 . 0005 to 0 . 1 mol (e.g. 0 . 005 to 0 • 1 mol ) , in many instances . 

[0107 ] 

The oxygen for use in the oxidation reaction may be 
active oxygen but it is economically advantageous to use 
molecular oxygen . The molecular oxygen is not 
particularly restricted but may be pure oxygen or oxygen 
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diluted with an inert gas such as nitrogen, helium, argon 
or carbon dioxide. Not only from the standpoint of 
workability (handling easiness) and safety but also from 
economic points of view, the use of air is preferable. 
[0108] 

The amount of oxygen relative to 1 mol of the 
substrate is usually not less than about 0,5 mol (e.g. 1 
mol or more), preferably about 1 to 100 mols , more 
preferably about 2 to 50 mols. Oxygen is often used in 
excess mol relative to the substrate and it is particularly 
advantageous to carry out the reaction in an atmosphere 
containing molecular oxygen such as air or oxygen gas . 

[0109] 

The oxidation reaction is usually carried out in an 
organic solvent inert to the reaction. The organic solvent 
that can be used includes but is not limited to organic 
carboxylic acids such as acetic acid and hydroxycarboxylic 
acids, nitriles such as acetonitrile , benzonitrile , etc., 
amides such as formamide, acetamide, dimethylf ormamide 
(DMF) , dimethylacetamide , etc. , alcohols such as t-butanol, 
t-amyl alcohol, etc., aliphatic hydrocarbons such as 
hexane, octane, etc., aromatic hydrocarbons such as 
benzene etc., halogenated hydrocarbons, nitro compounds, 
esters such as ethyl acetate etc. , ethers such as diethyl 
ether, diisopropyl ether, dioxane, etc. , and mixed 
solvents thereof. 

[0110] 



-47- 



When the oxidation reaction is carried out in the 
presence of a protonic acid, the reaction proceeds smoothly 
and the objective compound can be obtained with high 
selectivity and in good yield. The protonic acid may be 
utilized as the solvent as mentioned above. The protonic 
acid includes organic acids (e.g. organic carboxylic acids 
such as formic acid, acetic acid, propionic acid, etc., 
oxalic acid, hydroxycarboxylic acids such as citric acid, 
tartaric acid, etc. , alkylsulf onic acids such as 
methanesulf onic acid, ethanesulf onic acid, etc. , 
arylsulfonic acids such as benzenesulf onic acid, p- 
toluenesulf onic acid, etc.) and inorganic acids (e.g. 
hydrochloric acid, sulfuric acid, nitric acid, phosphoric 
acid, etc. ) . 

[0111] 

The oxidation method using the oxidation catalyst 
or oxidation catalyst system is characterized in that the 
oxidation reaction proceeds smoothly even under 
comparatively mild conditions . The reaction temperature 
may for example be about 0 to 200*^C, preferably about 30 
to 150°C, and the reaction is generally conducted at about 
50 to 120°C in many instances. This reaction can be 
conducted at atmospheric or under applied pressure, 

[0112] 

When the above oxidation reaction is carried out in 
the presence of a strong acid, an oxo group can be introduced 
with high efficiency. The strong acid includes not only 
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sulfuric acid and sulfonic acids mentioned above but also 
superacids , among others . 
[00113] 

The introduction of a carboxyl group can be achieved 
by various reactions but it is advantageous to employ a 
technique ( carboxylation process) similar to the 
above-described oxidation reaction process using the imide 
compound (or the imide compound and co-catalyst) as a 
catalyst except that caxbon monoxide and oxygen are used 
in lieu of oxygen . The carbon monoxide and oxygen may be 
pure carbon monoxide and oxygen or carbon monoxide and 
oxygen as diluted with an inert gas beforehand in the same 
manner as mentioned for the oxidation reaction. As the 
oxygen source, air may be likewise employed. 

[0114] 

The proportion of carbon monoxide can be selected 
from the range of not less than 1 mol (e.g. 1 to 1000 mols ) 
relative to 1 mol of the substrate and is preferably an 
excess mole, for example about 1.5 to 100 mols (e.g. 2 to 
50 mols), more preferably about 2 to 30 mols (e.g. 5 to 
2 5 mols ) . 

[0115] 

The amount of oxygen can be selected from within the 
range of, e.g., 0.5 mols or more (e.g., 1 to 100 mols), 
preferably 0.5 to 30 mols, and more preferably about 0.5 
to 25 mols, relative to 1 mol of the substrate. 

[0116] 
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It is preferable to use a larger amount of carbon 
monoxide than oxygen. The usual ratio of CO to O2 is CO/O2 
= about 1/99 to 99/1 (mol %) [e.g. 10/90 to 99/1 (mol %)], 
preferably about 30/70 to 98/2 (mol %), more preferably 
about 50/50 to 95/5 (mol %), particularly about 60/40 to 
90/10 (mol %) . 

[0117] 

A hydroxymethyl group can be generated by reducing 
the carboxyl group -introduced substrate with hydrogen or 
a hydrogenation reducing agent (e.g. sodium boron 
hydride -Lewis acid, aluminum hydride, lithium aluminum 
hydride, lithium trialkoxyaluminum hydrides, diborane, 
etc . ) . 

[0118] 

A nitro group can be introduced in the conventionl 
manner, for example by a process using a nitrating agent 
(e*g. mixed acid of sulfuric acid and nitric acid; nitric 
acid; nitric acid and an organic acid (e.g. a carboxylic 
acid such as acetic acid); a nitrate and sulfuric acid; 
dinitrogen pentoxide, etc. ) . 

[0119] 

The preferred nitration process may for example be 
a nitration process which comprises contacting the 
substrate with a nitrogen oxide in the presence or absence 
of the imide compound (or the imide compound and co- 
catalyst ) . 

[0120] 
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The nitrogen oxide mentioned above can be expressed 
by the formula N^^Oy (wherein x represents an integer of 1 
or 2; y represents an integer of 1 to 6). 

In the compound of the above formula, when x is equal 
to 1, y is usually an integer of 1 to 3 and when x is equal 
to 2 , y is usually an integer of 1 to 6 . 

[0121] 

The nitrogen oxide, thus, includes but is not limited 
-ho w„n MO M_n_ Mn_ M_n. M_n_ mo„ ^n/^ m o, Tiv.^*^iO 

--Z" ' ' "Z^J' Z' "Z'^4 ' *'Z"b ' "^J v***v* *'Z^b * j-xAw-jv^ 

nitrogen oxides can be used each independently or in a 
combination of two or more species . 
[0122] 

The preferred nitrogen oxide includes (1) the 
nitrogen oxide (particularly N2O3) produced by reacting at 
least one nitrogen compound selected from the group 
consisting of dinitrogen oxide (N2O) and nitrogen monoxide 
(NO) with oxygen or a nitrogen oxide containing N2O3 as a 
main component and (2) nitrogen dioxide (NO2) or a nitrogen 
oxide containing NO2 as a main component . 

[0123] 

The nitrogen oxide N2O3 can be easily obtained by 
reacting N2O and/or NO with oxygen. More specif leant ly, 
it can be prepared by a process which comprises charging 
a reactor with nitrogen monoxide and oxygen to give N2O3 
as a blue-colored liquid. Therefore, instead of preparing 
N2O3 in advance, the nitration reaction may be carried out 
by introducing N2O and/or NO and oxygen into the reaction 
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system. 

[0124] 

Here, the oxygen may be either pure oxygen or oxygen 
diluted with an inert gas (carbon dioxide, nitrogen, helium, 
argon, etc.) beforehand. The oxygen source may be air. 

[0125] 

In the reaction mode using nitrogen dioxide {NO2), 
among the nitrogen oxides, the nitration reaction proceeds 
smoothly even v/ithout coexistence of oxygen. Therefore, 
the reaction system using NO2 does not essentially require 
oxygen, although NO2 may be used in combination with oxygen . 

[0126] 

In the above oxidation process using the imide 
compound (or the imide compound and co-catalyst) as a 
catalyst, it is advantageous to carry out nitration using 
a nitrogen oxide (or a nitrogen oxide and oxygen) in lieu 
of oxygen in otherwise the same manner as the oxidation 
process described above . 

[0127] 

The amount of the nitrogen oxide can be selected 
according to the amount of the nitro group to be introduced, 
for example from the range of about 1 to 50 mols , preferably 
about 1.5 to 30 mols, relative to 1 mol of the substrate, 
and is usually about 2 to 25 mols. 

[0128] 

VHien the catalyst comprised of the imide compound 
is used, the nitration reaction proceeds smoothly even 
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under comparatively mild conditions. The reaction 
temperature can be selected according to the kinds of imide 
compound and substrate, for example from the range of about 
0 to 150''C, preferably about 25 to 125°C, more preferably 
about 30 to 100°C. The nitration reaction can be carried 
out at atmospheric pressure or under applied pressure. 
[0129] 

The nitro-group introduced into the substrate can 
be converted to an amino group by reduction. This 
reduction reaction can be carried out in the conventional 
manner, for example in the same manner as the reduction 
reaction for converting the carbonyl compound (lb) to the 
hydroxy compound (Ic) according to the reaction scheme 
presented hereinbefore . 

[0130] 

The hydroxyl group introduced into the substrate can 
be converted to an alkoxy group in the routine manner, and 
the carboxyl group can be converted to an alkoxycarbonyl 
group, a carbamoyl group or an N- substituted carbamoyl 
group by utilizing the conventional esterif ication 
reaction or amidation reaction, for instance. Furthermore, 
the amino group can be converted to an N- substituted amino 
group using an alkylating agent or an acylating agent. 

[0131] 

The compound and polymer having a basic group or an 
acidic group may form salts. For example, a carboxyl 
group-containing substrate can be reacted with an organic 



base or an inorganic base to give the corresponding salt. 
An amino group-containing substrate can be reacted with 
an inorganic acid or an organic acid to give the 
corresponding salt . 
[0132] 

The oxidation and other reactions can be carried out 
in any of batch, semi-batch and continuous modes. After 
completion of each reaction, the reaction product can be 
easily isolated and purified by the conventional 
procedure . 

[0133] 

[Effects of the Invention] 

The acid- responsive compound of the present 
invention has an alicyclic hydrocarbon group (e.g. an 
adamantane skeleton) and becomes alkali- soluble upon 
exposure to light, with the result that it finds application 
as a photoresist in the formation of fine-line patterns. 
Furthermore, because it is high in sensitivity and etching 
resistance (dry etching resistance in particular), 
fine-line patterns can be formed with good reproducibility 
and high accuracy. In addition, it contributes to improved 
adhesion to the substrate and improved stability of the 
resist solution, thus insuring the formation of fine- line 
patterns with high accuracy and good reproducibility. 

[0134] 

[Examples ] 

Hereinafter, the present invention will be described 
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in further detail with reference to Examples and 

Comparative Examples but should by no means be construed 

as defining the present invention. 

[0135] 
Example 1 

( 1 ) Hydroxylation 

To a solution of adamantan-l-yl-ethan-l-one (1 mol) 
in absolute tetrahydrof uran was added a solution of 
isopropylmagnesium iodide ( iso-C3H7MgI ) (1.2 mols ) in 
absolute diethyl ether dropwise, and the mixture was 
stirred at 10°C for 6 hours to provide 1- ( 1-hydroxy- 
1,2- dime thy Ipropyl ) adamant ane . 

adamantane , 

[0136] 

( 2 ) Esterif ication 

A mixture of 1- ( 1 -hydroxy- 1 , 2- 
dimethylpropyl ) adamantane obtained above (1.00 mmol ) , 
samarium iodide (Sml2) (0.10 mmol), isopropenyl acrylate 
(1.1 mmols) and didxane (2 mL) was stirred at 50°C for 6 
hours. Analysis by gas chromatography revealed the 
formation of 1- ( 1-acryloyloxy-l , 2- 

dimethylpropyl ) adamantane of the following formula (yield 
90%) in the reaction mixture. 

Mass spectrum: [M] 276, 261, 218, 147, 135. 
[0137] 
[Formula 10] 
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)? H 

HjC^ 0-C-C=CH2 

JCH-C— CH3 
H3C p 

[0138] 
(3) Polymerization 

A monomer mixture (100 parts by weight) of the 

obtained 1 - ( 1 - acryioyloxy- 1,2- dirhethylpropyl ) adamant ane 

(50 weight %), methyl methacrylate (10 weight %), butyl 

acrylate (20 weight %) and methacrylic acid (20 weight %) 

was polymerized in an organic solvent (toluene) in the 

presence of polymerization initiator (benzoyl peroxide) 

(5 parts by weight), and the polymer was precipitated by 

adding methanol to the reaction mixture. The precipitate 

was purified by repeating the cycle of dissolution in ' 

toluene and precipitation with methanol to provide a 

copolymer having a weight average molecular weight of about 
4 

1.5x10 (molecular weight in terms of polystylene according 

to GPC) . 

[0139] 
Example 2 

(1) Hydroxylation 

A mixture of 1- ( 1 -acryioyloxy- 1 , 2- 
dimethylpropyl)adamantane (10 mmols ) , NHPI (2 mmols), 
acetylacetonatocobalt (Co(AA)2) (O.lmmol) and acetic acid 
(25 ml) was stirred in an oxygen atmosphere at 75°C for 6 
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hours to provide 1 -hydroxy- 3- ( 1 -aery loyloxy-1 , 2- 
diinethylpropyl)adainantane of the following formula (yield 
78%) . 



Mass spectrum of hydroxyl group-containing 
compound : 

[M] 292, 277, 233, 162, 145, 133. 

[0141] 
[Formula 11] 



[0142] 
(2) Polymerization 

Using l-hydroxy-3- ( 1-acryloyloxy-l , 2- 
dimethylpropyl )adamantane in lieu of 1- ( l-acryloyloxy- 
l , 2-dimethylpropyl ) adamantane , Step (3) of Example 1 was 
otherwise repeated to provide a copolymer. 

[0143] 
Example 3 

(1) Introduction of a carboxyl group 

To acetic acid (25 ml) were added adamantan-1- 
yl-ethan-l-one ( 1 -acetyladamantane ) (10 mmols), NHPI (1 
mmol) and Co (AA) 2 (0.005 mmol), and the mixture was stirred 
at 60°C for 6 hours in reactor with a gas pack inflated with 



[0140] 
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a mixed gas ( a mixed gas of carbon monoxide ( 2 L ) and oxygen 

2 

(0.5 L); pressure: 5 kg/cm ). As a result, 1- 
carboxyadamantan-3-yl-ethan-l-one was obtained at a 
conversion rate of 78% (yield 62%), 

[0144] 

(2) Hydroxylation 

Using l-carboxyadamantan-3-yl-ethan-l-one in lieu 
of adamantan-l-yl-ethan-l-one. Step (1) of Example 1 was 
o t herwi s e r spea t ed to provide 1 - carboxy - 3 - ( 1 - hydroxy - 
1 , 2-dimethylpropyl)adamantane (yield 60%) . 

[0145] 

(3) , (4) Esterif ication and polymerization 

Using 1 -carboxy- 3- ( 1 -hydroxy- 1 , 2- 
dimethylpropyl) adamantane in lieu of 1- ( 1-hydroxy- 1 , 2- 
dimethylpropyl)adamantane. Steps (2) and (3) of Example 
1 were otherwise repeated to provide the carboxyl 
group-containing compound of the following formula, namely 
1- carboxy- 3- ( 1-acryloyloxy-l , 2- 

dimethylpropy 1 ) adamantane [i.e. 1 - carboxy- 3 - ( 2 - 
acryloyloxy- 3 -methyl- 2 -yl) adamantane] (yield 82%), and a 
copolymer . 

[0146] 

Mass spectrum of carboxyl group-containing 
compound: [M] 320, 305, 262, 191, 146, 134. 

[0147] 
[Formula 12] 
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H3C 0— C— C=CH2 




[0148] 
Example 4 

(1) Hydroxylation 

Using adamantanone in lieu of adamantan- 1-yl- 
ethan-l-one. Step (1) of Example 1 was otherwise repeated 
to provide 2-isopropyl-2-hydroxyadamantane at the 
conversion rate of 76% (yield 61%). 

[0149] 

(2), (3) Esterif ication and polymerization 

Using 2-isopropyl- 2 -hydroxyadamantane in lieu of 
1- ( 1-hydroxy-l , 2-dimethylpropyl)adamantane, Steps (2) , 
(3) of Example 1 were otherwise repeated to provide the 
hydroxyl group- containing compound of the following 
f ormula , namely 2 - isopropyl - 2 - acryloyloxyadaman t ane 
(yield 78%), and a copolymer. 

[0150] 

Mass spectrum of hydroxyl group-containing 
compound: [M] 248, 233, 218, 205, 183, 139. 

[0151] 
[Formula 13] 
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CH-CH, 




[0152] 
Example 5 

( 1 ) Hydroxylation 

Using 2-isopropyl-2-acryloyloxyadainantane in lieu 
of 1- ( l-aciryloyloxy-l , 2 -dimethylpropyl) adamant ane , the 
hydroxylation step (Step 2) of Example 2 was otherwise 
repeated to provide l-hydroxy-4-isopropyl-4- 
acryloyloxyadamantane of the following formula (yield 
56%) . 

[0153] 

Mass spectrum of hydroxyl group -containing 
compound: [M] 264, 246, 231, 216, 203, 176, 132. 

[0154] 
[Formula 14] 

CH3 



JCH-CH3 
J ^0-C-C=CH2 




[0155] 
( 3 ) Polymerization 

Using l-hydroxy-4 -isopropyl- 4 - 
acryloyloxyadamantane in lieu of 1- ( 1-acryloyloxy-l , 2- 
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diinethylpropyl)adamantane. Step (3) of Example 1 was 

otherwise repeated to provide a copolymer. 

[0156] 
Example 6 

(1) Introduction of a carboxyl group 

Using adamantanone in lieu of adamantan-l-yl- 
ethan-l-one, the carboxylation step (Step 1) of Example 
3 was otherwise repeated to provide 1- 
c a r t) o x y a d am ant a n — 4 — o n e . 

[0157] 

Using l-carb6xyadamantan-4-one in lieu of 
adamantan-l-yl-ethan-l-one , Step (1) of Example 1 was 
otherwise repeated to provide l-carboxy-4-hydroxy-4- 
isopropyladamantane (yield 58%). 

[0158] 

(2), (3) Esterif ication and polymerization 

Using l-carboxy-4-hydroxy-4-isopropyladamantane in 
lieu of 1 - ( 1 - hydroxy - 1,2- dimethylpropyl ) adamant ane , 
Steps (2) and (3) of Example 1 were otherwise repeated to 
provide the carboxyl group -containing compound of the 
following formula, namely l-carboxy-4-acryloyloxy-4- 
isopropyladamantane (yield 81%), and a copolymer. 

[0159] 

Mass spectrum of carboxyl group-containing 
compound: [M] 292, 221, 206, 191, 178, 133. 

[0160] 
[Formula 15] 
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PH-CH3 



HOOC 



H 

O— C— C=CH 
II 

o 



[0161] 
Example 7 

( 1 ) Hydr oxylat ion 

A m-i-xturs of 1 -acetyladamant:arie (10 mmols), NHPI (2 
mmols), acetylacetonatocobalt (Co(AA)2) (0.1 mmol) and 
acetic acid (25 ml) was stirred in an oxygen atmosphere 
at 7 5°C for 6 hours, whereby 1 -hydroxy- 3 -acetyladamantane 
was obtained (yield 80%), 

[0162] 

(2) Reduction 

A mixture of 1 -hydroxy- 3 -acetyladamantane (2 mmols) , 
sodium boron hydride (NaBH4) (2.4 mmols) and 
tetrahydrof uran (25 ml) was stirred at room temperature 
for 3 hours. As a result, l-hydroxy-3- ( 1- 
hydroxyethyl) adamant ane was obtained (yield 9 5%). 

[0163] 

(3) Esterif ication and polymerization 
A mixture of l-hydroxy-3- ( 1- 

hydroxyethyl)adamantane (1 mmol), acryloyl chloride (1.2 
mols), triethylamine (1.2 mols) and dioxane (10 ml) was 
stirred at 40°C for 3 hours. As a result, 1 -hydroxy- 3- 
( l-acryloyloxyethyl)adamantane of the following formula 
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was obtained (yield 78%). 

[0164] 
[Formula 16] 

H ? H 

H3C-C-0-C-C=CH2 

[ G165 ] 

Using 1 -hydroxy- 3 - ( 1 - acryloyloxyethyl ) adamantane 
in lieu of 1- ( 1 -acryloyloxy-1 , 2- 

dimethylpropyl) adamantane, the polymerization step of 

Example 1 was otherwise repeated to provide a copolymer. 

[0166] 
Excimple 8 

( 1 ) Hydroxylation 

To a solution of adamantanecarbonyl chloride (1 mol) 
in absolute tetrahydrof uran was added a solution of 
ethylmagnesium iodide (C2H5MgI) (2.2 mols ) in absolute 
diethyl ether dropwise, and the mixture was stirred at room 
temperature for 6 hours to provide 1- ( 3 -hydroxypent-3- 
yl) adamantane (yield 9 5%). 

[0167] 

Mass spectrum: [M] 222, 204, 193, 175, 161, 147, 135. 
[0168] 

A mixture of 1- (3-hydroxypent-3-yl) adamantane (10 
mmols), NHPI (2 mmols), acetylacetonatocobalt (Co(AA)2) 
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{0-1 mmol) and acetic acid (25 ml) was stirred in an oxygen 
atmosphere at 75°C for 6 hours. As a result, 1- 
hydroxy-3- ( 3-hydroxypent-3-yl)adamantane was obtained 
(yield 80%) . 

[0169] 

(2) Esterif ication and polymerization 

A mixture of l-hydroxy-3- ( 3-hydroxypent-3- 
yl ) adamantane (1 mmol), acryloyl chloride (1.2 mols), 
triethylamine (1.2 mols) and dioxane (10 ml) was stirred 
at 40°C for 3 hours. As a result, 1-hydroxy- 3- ( 3- 
acryloyloxypent- 3 -yl) adamantane of the following formula 
was obtained (yield 45%). 

[0170] 
[Formula 17] 



Using l-hydroxy-3- ( 3-acryloyloxypent-3- 
yl ) adamantane in lieu of 1- ( 1-acryloyloxy-l , 2- 
dimethylpropyl) adamantane, the polymerization step of 
Example 1 was otherwise repeated to provide a copolymer. 

[0172] 
Example 9 

( 1 ) Hydroxylation 



p— C— C=CH2 
C2H5-C-C2H5 




[0171] 



-64- 



To a solution of adamant anecarbonyl chloride (1 mol) 
in absolute tetrahydrof uran was added a solution of 
ethylmagnesium iodide (C2H5MgI) (1.1 mol) in absolute 
diethyl ether dropwise, and the mixture was stirred at room 
temperature for 6 hours to provide 1-(1- 
hydroxyproyl) adamant ane (yield 80%) . 

[0173] 

Mass spectrum: [M] 194, 176, 165, 147, 135. 
L 0174 ] 

A mixture of 1 - ( 1 -hydroxypropyl ) adamantane ( 10 
mmols), NHPI (2 mmols ) , acetylacetonatocobalt (Co(AA)2) 
(0.1 mmol) and acetic acid (25 ml) was stirred in an oxygen 
atmosphere at 7 5*^0 for 6 hours. As a result, 1- 
hydroxy- 3- ( 1-oxopropyl) adamantane was obtained (yield 
80%) . 

[0175] 

A mixture of 1 -hydroxy- 3- ( 1-oxopropyl) adamantane (2 
mmols), sodium boron hydride (NaBH4) (2.4 mmols) and 
tetrahydrof uran (25 ml) was stirred at room temperature 
for 3 hours. As a result, l-hydroxy-3- ( 1- 
hydroxypropyl ) adamantane was obtained (yield 95%). 

[0176] 

(2) Esterif ication and polymerization 

A mixture of l-hydroxy-3- ( 1- 
hydroxypropyl) adamantane (Immol), acryloyl chloride (1.2 
mols), triethylamine (1.2 mols) and dioxane (10 ml) was 
stirred at 40°C for 3 hours. As a result , l-hydroxy-3- 



-65- 



( l-acryloyloxypropyl)adamantane of the following formula 
was obtained (yield 75%). 

[0177] 
[Formula 18] 



[0178] 

Using 1 -hydroxy- 3- ( 1-acryloyloxypropyl ) adamantane 
in lieu of 1- ( 1-acryloyloxy- 1 , 2- 

dimethylpropyl ) adamantane , the polymerization step of 

Example 1 was otherwise repeated to provide a copolymer. 

[0179] 
Example 10 

{ 1 ) Hydroxylation 

A mixture of adamantane- 1-carboxylic acid ( 10 mmols ) , 

NHPI (2 mmols), acetylacetonatocobalt (Co(AA)2) (O.lmmol) 

and acetic acid (25 ml) was stirred in an oxygen atmosphere 

at 75°C for 6 hours. As a result, 1 -hydroxy- 3- 

carboxyadamantane was obtained (yield 80%). 

[0180] 
( 2 ) Reduction 

A mixture of 1 -hydroxy- 3 -carboxy adamantane (2 
mmols), sodium boron hydride (NaBH4) (6 mmols) and 
tetrahydrof uran (25 ml) was stirred at room temperature 



C2H5 
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for 6 hours. As a result, 1 -hydroxy- 3- 
hydroxymethyladamantane was obtained (yield 90%). 
[0181] 

(3) Esterif ication and polymerization 

A mixture of 1 -hydroxy- 3 -hydroxymethyladamantane (1 
mmol ) , acryloyl chloride (1,2 mols ) , triethylamine (1.2 
mols) and dioxane (10 ml) was stirred at 40*'C for 3 hours. 
As a result, 1 -hydroxy- 3- (acryloyloxymethyl) adamant ane of 
the following formula was obtained (yield 90%). 

[0182] 
[Formula 19] 

!? H 

O— C— C=CHo 




[0183] 

Using l-hydroxy-3- (acryloyloxymethyl) adamant ane in 

lieu of 1- ( 1-acryloyloxy-l , 2-dimethylpropyl) adamant ane, 

the polymerization step of Exeimple 1 was otherwise repeated 

to provide a copolymer. 

[0184] 
Example 11 

(1) Hydroxylation 

A mixture of decalin (10 mmols), NHPI (2 mmols), 
acetylacetonatocobalt (Co(AA)2) (0.1 mmol) and acetic acid 
(25 ml) was stirred in an oxygen atmosphere at 75°C for 6 
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hours. As a result, 9 , 10 -dihydroxy-bicyclo [ 4 . 4 . 0 ] decane 
was obtained (yield 70%). 
[0185] 

(2) Esterif ication and polymerization 

A mixture of 9 , 10-dihydroxy-bicyclo[ 4 .4.0 ]decane ( 1 
mmol), acryloyl chloride (1.2 mols), triethylamine (1.2 
mols) and dioxane (10 ml) was stirred at 40*^0 for 3 hours. 
As a result, 9 -hydroxy- 10 -aery loyloxy- 

bicyclG I 4 , 4 . G ] decane of the following formula was obtained 
(yield 90% ) , 
[0186] 
[Formula 20] 



Using 9 - hydroxy - 1 0 - aery 1 oy 1 oxy - 

bicyclo [ 4 . 4 . 0 ] decane in lieu of 1- ( 1-acryloyloxy-l , 2- 

dimethylpropyl ) adamantane , the polymerization step of 

Example 1 was otherwise repeated to provide a copolymer. 

[0188] 
Example 12 

( 1 ) Hydroxylation 

A mixture of tricyclo [ 5 . 2 . 1 . 0^' ^ ] decane (10 mmols) , 
NHPI (2 mmols), acetylacetonatocobalt (Co(AA)2) (O.lmmol) 




OH 



[0187] 
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and acetic acid (25 ml) was stirred in an oxygen atmosphere 
at 75°C for 6 hours. As a result, 2 , 6-dihydroxy- 

2 6 

tricyclo[ 5 - 2 . 1 . 0 ' Jdecane was obtained (yield 70%). 
[0189] 

(2) Esterif ication and polymerization 
A mixture of 2 , 6-dihydroxy- 

2 6 

tricyclo [ 5 . 2 . 1 . 0 ' ]decane (1 mmol) , acryloyl chloride 
(1.2 mols), triethylamine (1.2 mols ) and dioxane (10 ml) 
was stirred at 4G''C for 3 hours. As a result, 2- 
hydroxy-6-acryloyloxy-tricyclo[5.2.1.0^'^]decane of the 
following formula was obtained (yield 70%). 

[0190] 
[Formula 21] 




[0191] 

Using 2-hydroxy-6-acryloyloxy- 

2 6 

tricyclo[5 . 2 . 1 . 0 ' ] decane in lieu of 1 - ( l-acryloyloxy- 
l , 2 -dimethylpropyl ) adamantane , the polymerization step of 
Example 1 was otherwise repeated to provide a copolymer, 
[0192 ] 

[Photoresist resin composition] 

A photoresist resin composition was prepared by 
mixing 100 parts by weight of each polymer obtained and 
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15 parts by weight of 

triphenylphosphoniumhexaf luoroantimony with the solvent 
toluene. This photoresist resin composition was coated on 
a silicon wafer by the spin coating technique to form a 
1.0 \xm thick photosensitive layer. After prebaking on a 

hot plate at 60°C for 100 seconds, exposure was carried out 

2 

at an illuminating amount 100 mJ/cm using a KrF excimer 
stepper, followed by postbaking at 100°C for 60 seconds. 
Development was then carried out with an aqueous alkaline 
solution (Tokyo Oka K.K., NMD-3) for 60 seconds and the 
wafer was rinsed with pure water. As a result, a 
predetermined pattern could be formed. 
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[Document Name] ABSTRACT 

[Abstract] To provide a photoresist resin composition 

which is high in etching resistance, solubilizable by 

irradiation, and capable of providing a finer line pattern. 
[Object] 

[Means to Solve the Problem{s)] The photoresist resin 
composition comprises a polymer containing an acid- 
responsive compound unit of the following formula (e.g. 
a.n adamantane skeleton) and a photoactive acid precursor. 
R"*^ may be an alkyl group having a tertiary carbon atom in 
the 1 -position and the Z ring is a bridged-ring hydrocarbon 
ring comprising 2 to 4 rings . 

[ Formula 1 ] 

----- o 

z c— C— O— C— C===CH2 ^ p\ II I 

^ re R'^--" O-C— C=CH2 

(1) P) 



1 2 

wherein R and R are the same or different from each 
other and each represents hydrogen atom, an alkyl group 
or a cycloalkyl group; R"^ represents hydrogen atom or methyl 

4 

group; R represents a halogen atom, an alkyl group, an 
oxygen-containing group, amino group or an N- substituted 
amino group; the Z ring represents a monocyclic or 
polycyclic alicyclic hydrocarbon ring; in the formula (1) , 

1 2 

R and R may, jointly and together with the adjacent carbon 
atom, form an alicyclic hydrocarbon ring. 

[Selected Fig.] none 
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4. 4. 0. l2'5^ 17,103 ,C5=:;^j>, 4->l^y-5, 8 

-;i^>'t-7^l/>;&^f®4^^^f[:7K^'^«;i:*] , t^x^'^oDz:*^®;!^^^ 
^^0i/^'nT;i/;?7i:;^x>®-4^®7K^^*nti A°-t:Kn-4, 7 

>^^e;x>^i>^n/^>^>:7'x><v:®z:M^ (tfx;i/y 

^f*Lv^^Z«, 2~4(^):t$:^t;^^i;^^^^C7fc^^r'feSo 
[0 0 16] 



10-143536 



v^„ ^zcog^sR^ tbx\t. Ti^mmj-. 7\u^ymj- ^m, y^m 
m^tj^n . yjv^jm jl^ji, ^^jv, t-zf^jvm^jt^0c^_^ 

[0 0 17] 

[0 0 18] 

[0 0 19] 
[0 0 2 0] 
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r!^ /CH3 



; 2« c-C-0-C-C=CH2 
(1) 



r!^ .CH3 



\ / ^0-(J-C=CH2 



(2) 



:*:i§^0i?^/;£:is^t;^% (i) (2) it. m^it. rMmmxm^jz'^-oxmm 

[0 0 2 1] 

Uts] 



(lb) 



RMgX 
(3) 



z C-C-OH 



(1c) 



CH2=i-cf5 
(5) 



z C- -0-ri=CH2 ■ z C( R f 

i2 \ .'^0-C-C=CH2 



(1) 



: z c=o 



(2b) 



MgX 

(3) 



R 



OH 



(2c) 



R 



3 



CH2=t-cf° 
(5) 



(2) 
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i^m\z\t. Cj_jQ7;i/=i^e/S m?L\t. ^h^i/, t->^h=^>>^ 

[0 0 2 2] 

-C2_6 7J]y:^jyf£n , X tf n;^^>ffc^% (>^l:°n [4. 5] x;t7>-8- 
>r;i/- 1 -x^y xfcfnif^>^n/\^-b->-9-^;b-i -x^ 

;b^;i/-i-C2_6 /'>'^:*>'>'^i:*) ^ m^mt^m (A- 1: Kn:h7^;b- i 
m (df;^:^>- 2 1 -x^ y if^)i,^y- 3 1 j >, 

>f;u-x^>- 1 T^-T^^^- 1 -^;i/-:ynA'>- 1 

^y^y- 1 ->f;u-:;r>5?>- 1 ^5^;i/T^>>^>- 1 ->f;b-x^ 

>- 1 -:t>^if®T^*v>^;b- 1 -C2_6 7;i/:;?7>^>^if(Z)3^iC>ffc'^tl5& 
, S:^'x>»^®-4^(D7K^^»;&^^(Dil^f*: (A°-bFn-4, 7-^^5? 

-;i/-i-C2_6 7;i/;^7y» jSiifTb-^M^-et^, 

[0 0 2 3] 

:i7;b:Kx;W[:^ti (2b) iiLTJi, M^lf, #^^>:r N > {^y^u^^^ jy 
7.\dU lA, 5] 8 X If □ hTi/ ^ D ^^^itV - 9 - ;t if) 

, ^^•^^>!rN> i^^y^u^^'^y-A-ytytj:^(D\^l/^ur)\^ijjyrjLE 
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^m. r^^y^jy, i^^)\^y ^^y^ j y, V%^)\;y i^^y ^ j yt^^co 

-4, 7-^^y^>f^>-i-;^->;5ji:-) U^m\ir.^^^. 
[0 0 2 4] 

ItfiB^fSX^^fCfeVNT, :*;i/:jf:^;Wfc^% (lb) (2b) iiM^R^JVlgX (3 

It. m^it. o-ioor. ntb<\ti o°cmm(Dmmi)^^m^izm^ 

[0 0 2 5] 

Ritiz^i)^^Lr^\ih^u^iyit^^ (ic) (2c) itsmiz^vmmLx (^ 
if^/iS'f^ffc^tf (1) (2) ^^m-^-^^zt^'^v^^o 

[0 0 2 6] 

(^^) T^U;i/®fX«^®^^^ (5) tbXlt. (^^) T^U;i/^, ^ 
(^^) T^U;b^, «S§:^t^Ml^^'f4M#^ ^/\^^ K (^ 

i?) T^'y;bip^n^>r K, (^^) 7^ ';;i/^:/nv-r Kj&if) , (^^) 7 
^VJm7Jl^JV:nx^;v ( (^^) 7 ^ V (^^) 7^ u;ix^x 
(^^) 7^y;i/if:;^Dif;i/. (;< ^) 7^^ U (^1^)7^^ 
V)m-(vzr^;v, (^^5?) 7^u;bift-7'^;i.;fe^*(Z) (^^) 7^';;b^c 

1_6 7;i/^;bX7.5^;b:^;if) , (^^) 7^U;biE7;b>rii;bXy^7^;b ( (^^ 

) 7^y;i/^i^-;b, (^^) y^vjmrvjv. (^^) 7^u;i/^i-^n 
(;i^) 7^VJvm-(V':^nK-ji^ (^^) 7^^ U;i/^ 1 -^7^-;!/ 
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^f^Lv^^[:-^% (5) {ctt, (^^) y^u;i/^, (^^) T^u;b^A^>f 
[0 0 2 7] 

^f*bv^c 3©J:e)^xxx;wl:Mi^;•^x;^■T•;l/5cmMfei:{c^3^^Tii, MMcdx 

[0 0 2 8] 

# (ic) (2c) t (^^) 7^y;b^XJi-?-(^^#<|: (5) i: ODx^xMb^DS 
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[0 0 2 9] 
[0 0 3 0] 

M^^3^7£^0M^M«#fcMi5i$^f, zm-^Ammm. m\z2mx\tz 

[0 0 3 1 ] 

&.riz. ^^v^2.it^!^^mzt'oxmm^^^^M.i^mznmt^f)^. 
'^'^^<i:'^mzMmt^m(DMmm3m7imit^<^%mmzmMx^^. 
Ti^mitmzit. M;tJi, Tf^mit-^-T V ^ A (id , yi^m^t^-^ ^ 2^ (m) 

(HI) ^J^i^ti^^ttl^, 
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y^y7.)\^iisym. y U tji^(D^mmt(D^iim^.-^t\.. 

m,mm.i^tLx\t. mx.«, mm^. wm^, ')ym^. mmm.. m^mm^tj^ 

[0 0 3 2] 

^i^^m^t^m^^tLXit. OH (\ih'n^v) . r;vzi^>ym. rt/ji 
yjvu^t/ijjvt^-jvm. 7-\E^;vy^zhi-h. iyi7u^y'$(>yjiiLji^ c 
i_4 T;l/^;^ff^^>>^D/^^>^i;?x-;^ (Ky^^^j\,iy!;u^y^t;ji=.;]ytj^ 
i:*®Ci_2 rji^jiumtyi^u^yiii^ji-jitj:}^) ^ t^y^i;uKy^>y:LZL)v 
> Cj_4 7JV^JlW:mvy^uy<y^i;jL-j\, (Ky ^ ^^;it;^y^ uKy 
x-;i.f^iroCi_2 rji^;vmmi^y^aKy^iy:iL-jvtj,n , ^n^^f^M^ 
, CO, CN, ^^M^, H2 O (73) , ;fs::^:7^'>«:if(Z)U>ft-^^, NH 

3 (jy^y) , NO, NO2 (^hn) , NO3 (::ih^h) . m^uyiyy 
^y. V:sL^uyhVr^y. t^ui^x y :^-^y huv yfjt^o)Um^^'{t^ 

^ (II) . hVriz^;i7izhi-h^TV^J^ (III) , Vyi^u^y^tyni- 
JV^-^v^J^ (II) , hVy^uKy^t;nL-ji-i)-^ijry2^ (III) ^ 
^^;^i/^□/^;>.^^:;x-;^i^vU':7A (ii) , h y n/^>^ 
>:;x-;bi^-vU'i7i. (Ill) tj^i£i)^mBx^^. 
[0 0 3 3] 
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x-;b@Hfe^$:;tt^2fffi(D-9-vn-fe>M^f!ic [ (C5 Meg ) 2 Sm; (PM 
Sm) ] , i^vU'^AOAny^'ffc-^^. 7;b:3^S/K, b Kn ^ i:*(Di^ 

mmm^mKm^mMbx. mmmmj^mt^m (d (2) ^^d^-&^±xy^ 

[0 0 3 4] 

laf5M-K5^3:^ft^%c#^$#i'7cMm, i^3-^-efeoT =& i 
M^^rJ^-Offi^^Aii, m^l 0 OMigpic^LT, Mmm3mit^mo. l~5 

oM*^fi5> ^eF*u<jio. 5~3osAaj, ^^iz-^tb<iti-2ommmm 
mx&^. 

[0 0 3 5] 

mxmnx^. m^ii. itfiat Kn^e/^b^i^i (ic) (2c) izmlxo. i^;i/ 

ro-i^a, tiftb<ito. 5-5 0^;!/%, $e){c^gF*L<tii'-2 5^;i/% 
5~2 0^;i.%) ^^cD^ffl;()^f5iiS^c^^T't§o 

[0 0 3 6] 

ic) (2c) izMbXO. i^;b%~i^a:. ^f*L<«i~5 0^;i/%. ^i^fc 
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[0 0 3 7] 

t: Fodri^ffc^tf (ic) (2c) t (^^) 7^VjmXlt^<Dmm^ (5) t 
(Dm^m^lt. t Kn^^>^t^t, (ic) (2c) l^» (1-75^43 bKo:^i/;i. 
S^T^cy®^ Fn^e/fC^dfe0M*) {c#LT (^^) T^^y;i.^xti-ecDfl# 
^ (5) 0. 5~5^;i/, ^f^L<}d:0. 8~5^;b, mzi^;vs;^± (mtJ.t 
> l-3^;k ^tci-^i. 5^;b) aMT'fe^o |rflBx;^5^;wi:.S/SlJ 
¥^S/^;T'fe^?ti?). (^^) T^y;i/i?X{j:^©M#<*: (5) (Z)^MS*^#v^ 

5, t:Kn:^i/f(:^i^ (ic) (2c) iSftfc^LT-fb-^ifel (ic) 5:1^ 

;i/^^T®4 (Mx.lf. 0. 4-1 0tb<itO. 5-1 ^;i.) T'^ffiLT 

lofBM^$:Mv^S:&ST'tt. /5^S:^(Difvx (^^) U n^>r hVji^* 
Co 0 3 8] 

^^mmty\^mm. ^hym. t^f^^, N-^5^;i.ifny f>. 

^i^S^^^LTtj:, (^^) 7^V)mXlt^(Dmmi^ CS) ^ffiV^T*; 
/jife, M^'f4®]f VMi Fn^S/ffc^i^ (ic) (2c) ^^i:LT 
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[0 0 3 9] 

^t^fc^izit. mm.^Mm mi^it. ^*5o~i 2o°c. #{c6o~i 1 5 

[0 0 4 0] 

^:^-TMmiZ^Umit. m:^it. 0-150 X:, ^f*L<ii 25-120 -c^ 

it. m^ii. 0-1 5 o°c, ^*L<tti 0-1 0 or, ^^b<tt2 0-8 0 

°CS^T'feoTt;J;VN„ #{c, |$|B T ^ V JimXlftCDMrn^ (5) t 

ztti'^x^^o ttz. Emit. m^^. ^m^^. mm^fj^^<DmM(D:^miz^ 

[0 0 4 1] 

3tie>(Z)^^^&ttfk^^ (1) (2) (i, ^mmj^. m^(D^m. m^it. m 
mm. m^. mm. ^sm. nn^. :^'y^^u^hif^y^ -f^^a^^m^ 
m^. zti^m^ittz^m^mz^^). mi,iz^mmmv^^. 

[0 0 4 2] 

^mm^yit h x^VTs NMtfSgM^tJ®#fe«, 'pt^<}L^mm-^ (11) Xtt 
(12) r^$ti§^fir (7^v>^>#^$:^-t-5#fi:75:i:*) Sr^tf SM-a-«ti: 
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[0 0 4 3] 

i&iBM^^ti, ifriH^ (1) (2) xm-^ti^m^}t^^t^i^(7)mmximm^ 
<!^T'feoT^j:<. itffH^ (1) (2) xm^n^m^iZ^mt^mt^M'^i^mM 

^) 7^';;i/i?i/^n/\:^i/;i., (^^) 7^ U ;i/^7xx;b/j:if) , 

a-:i^jlX^lyy^ tfx;i. h ^) , trx;b:E7. 

[0 0 4 4] 

i^a^^fcfC^t^tSiP^^SiSft:^^ (1) (2) CDfj^ii, 10-10 0 

SA% 15~9 0S4%) , ^^L<li2 5-1 0 0M*o^ (^j^j^ 

. 3 0~7 5M4%), ^^lZ^tL<it3 0^10om&% mPilt. 3 5- 

[0 0 4 5] 

^®?i§4^fii^LT{i. mmz^^j^m^<m (^uhym^ji^7.m) 

t^'mM<D^t^^. m^it. S^'7yx.^A^, 3_K-^A^, x;U;}.x^i.^ 
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)Vt^^-h. Vy^J±yV^jy^ ;^;^5t^>i?xx7^;i/ ( 
4-;<5^;i/7x-;i.) ;^;i.7i>-;i/:t=^t/-l-/^>y>f;i/^^>, 1, 2, 3- 
hUX;^;^^:l;^^^r^>;<5^;^/^C>if>^ 1, 3-^--hn-2- (4-7a:r.;i. 

ymm^ {V-y :r.-)\^V7.)\^i^syf^^) , ^>y-r > hi/ 1/- 

(^U7x-;^;^;^;^^->^^Adpi^7;^:t□T>5^^> (Ph) 3 s'^Sb 
Fg ~, ^V7x-;^x;l'7^^-C?i,.'^^ri^7;^;^o4^:;^7x-^ (Ph) , s + 
PFg , hU7x-;i/;^;i/4-x~'i7A ^ >7.;i//i>-;b (Ph) , S"^CHo 

[0 0 4 6] 
[0 0 4 7] 

mm, /^u^yimityKmm, rjln^jim, >5rh>^, x-7-;b 

[0 0 4 8] 
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^b. ^mbtz^. m^<D'77.i7^^Lx. mm (i/^^xhi^) iz^mmytb 

[0 0 4 9] 

mu:^immt. y:^hiyi?7.h^mmm^m(DMmzi;B\:^xmmv^. 
vnm^m.w.m<j^mM(j^w^mt. m^\t. 0. 1-2 0 /.maM0lsa*^e>Ji^ 

[0 0 5 0] 

1, KrF, KrCl, ArF, ArCl^feif) ^ ^'j^^fJMT-^So 

M>^x:^;^:^-^i, l-lOOOmJ/cm^, ^^L<{il0~5 

0 OmJ/cm^ ^^0^H;i>^e)il^T'$eo 
[0 0 5 1] 

, ^Z$:^t;7;b=i-;bi:UT) ^m\t\z%^-^^ti)\,ifs^^^ 

^m^-v^^, mz. ^^m(Dy:fhiyi:^xhmmm^mtr^''7y^y'Wi^ 

^mi>t. m^t^(D^(DK--^y^ (Post Exposure Baking, PEB) (Ci:U{£ai 
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[0 0 5 2] 

mmmmt^^ (i)(2)^M^{*cDmfi(ii)(i2) it. mmoy^^izmmmR^ 
$:^uTv^T^cfcv^o fi^sR^ It. mm^i^^xmQo^m^i'jtxmxit^i^m 
rmzmxx^^^. m^it. \i]^u^iy)imit. MM®i?^b*s> m^ii. mm 

7 6 2 6#^jiJ&if^C|B«$4^TV^^gP^[:M^I:^V^§:;^^*^#*^lS. Z(Dm 

tmmtxmm^nr^mitmmo^^r. mm^ (ia)(2a)(ib)(2b)(ic)(2c) 
xm-^ti^mmt^m'pm^i^os^mn) (12) ^mmmitt^ r iitcj: y t k 

[0 0 5 3] 

^tn. m^it. N-H KD^i/HA^^-f ^ H\ N-li KD=^rS/y'l/-<>®?-f 
^ h\ N-t: Kn^t//\:^ri?-ti Kn7^;i/^-f ^ K> N, N' \^u^i/i/ 
^□/\:^rf->xh5;^;b:J<>i?^^ K, N - h: Kd ^ i/:? ^ ' 

^ K, N-t: Kn:^S//\^y hi?-r ^ h\ N-b FD=^ri/A-f ^ *y ^J'^^f ^ N 
-li Fn^re/ h 'J ^ y hi?-r ^ H\ N, N' -t/\:iVu^i/ifu^V^yhm^ 
^ K, N, N' -i/^b KD:^>>^7^ l/>xh^;!j;i/;J<>i?>f ^ K>&if7!)^#tf e) 

[0 0 5 4] 



y 1 0- 1 4 3 5 3 6 

[0 0 5 5] 

> MmmsAm^m. Mmm4Am7Lm. sa^^^^, sa^^^, lAmibm 

^f^tV^|!;M^^Ctt, Ti. Z r;&^-(D4 A:^5t;m. V;& ^© 5 A]^7t:^, C 
r. Mo. W«;^*(Z)6 A;^5t^, Mn. Tc, R e fjiEO)! AmTtM. Fe. R 
u, Co, Rh, Ni/d:h*0 8;^5t^, C u 1 B^^^$:^m[:-^%3&':-^ 

[0 0 5 6] 
[0 0 5 7] 
[0 0 5 8] 

. ^mm^. 0 0 1-1 o^;i/g|i(Diga*xf,^^T't, 

±T'feoTO. i^;i/^^^T o. ooi~o. i^;k^^L<tto. 

0 0 5-0. 08^;k ^^izmtb<\tO. 01-0. Q 7^;i/g^) T^fes 
[0 0 5 9] 
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iuiB>r ^ K'fb^tKZ)^^*}*, m^ii. m^i^jiizMLxo. ooi~i^ 

;b (0. 0 1-1 oo^;i/%) , ^g:^L<ij:o. ooi~o. 5^;i/ (o. i- 
50^;b%), ^^izt^tb<ito. 01-0. 3 o^;i/@j^T'fe-g>. 

ttz. mmommMit. m:^is. mni'^MzMLxo. oooi^;i/ (o 

. i^;i/%) ~o. 5^;i/, ^jSL,<jio. 00 1-0. 3^;i/, ^^iz^tb 
<ito. 0 0 0 5-0. i^;i/(Mx.{i, 0. 0 0 5-0. i=E>i) mmv$>^ 

mni'EMzMbX. 0. 5=e;i/J^(± (M;il3:. i^ 
Ji^&.±) > ^f*L<iii-i 0 o^;k ^^iz0tL<it2^5 o^)vmmx$> 

[0 0 6 0] 

-<yV:ihVJltj^E(D-hVJm. iis;vi.T^h\ r-feN7^K, i^y^^JVii-^jl 
i^T^K (DMF). e^'^^;i/7-feh7^ K;5;ifa)r^ t-^^y-;K 
t-T^;i/T;i,3-;i/;5j^®7;ni-;i/^. ^ytjtt^oms^m^ 

[0 0 6 1] 

^^'mmm^2:v^i\sLmxumt^!^^n^ztif^x^^. zo)^uhymit. m 
m<Dj:tizmmtbxm^x^^\.K -fuhymtLxit. ^mm cm mm 
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iyij)\^ifsyn. :^^y7s)\,itsym. ^^yy^Msymt^^o^r )\;i^)\,7s)\^itsym 
. ^y^y7.)\,it^ym.. p - ^;^x>>^.;^5i^>^;^if(^7y 

) . nmm. m7L\t. ^m. mm. mm. u>^;&^) jb^^^ti^. 

[0 0 6 2] 

or, ^ftL<ti3 0-15 Org^T'fey, ii^, 5 0-12 O-CgMT'H/^; 
[0 0 6 3] 

m.-M^mM^n\^^^x%. itfia^^ rc^^ Rb-^t/^M^) 

[0 0 6 4] 

-i^fb^^cD^fflMli, S^i^;b{c^i.Ti^;i/j^)^± i-ioo 
0^;i.) (D^ffl*^e.^^T'^, ^^U<liigfJ^;b-efey, mX\t. 1.5-1 
00^;b 2-50^;i.), $ ^,{C^f ^ L < 2 - 3 0 ^ ;b 

5-2 5^;i/) g^T'fe^, 

5-^1 0 0^;i.) , ^^L<{iO. 5-30^;w ^h\zm\.<\tO, 5-2 
[0 0 6 5] 

rj^tt> its, CO/O2 = 1/9 9-9 9/1 [M;t«. 10/9 
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0-9 9/1 ],^^L<{j; 30/70-98/2 , $ P> 

tC^fS L<li5 0/5 0-9 5/5 , 4f (C 6 0 /4 0 - 9 0 / 1 0 ( 

[0 0 6 6] 

mtitr.^miiiE) ^m^^^ismtj^}£\z^ vnt>zti)^v^^a 

[0 0 6 7] 
[0 0 6 8] 

r®J:e>^^^i?^fct»fCtt, Mxti, O, NO, O3 . NOg , Ng 
O4 , Ng O5 , NO3 , Og JSiifTb'iMg^-e^So rtie^^^^iJ^fciiiid:^ 
a T' X (i:iSJe^±iia i5ii^ t)-B:T T ^ S o 
[0 0 6 9] 

tiftLi^^^mm^tmizit. (^m^tzimm (n^ o) Ax^-mitmm (no) 7t)^ 
mzN^ 03 ) x(iN2 03 ^^m^tbx^timmmitm. ©-mitm 
mmmitm2 03 Ng o^t>vxiiNOi:if^i:0;S^5T*^^(c^is3 
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^fi^$itsz:^;5;<. o;5tO^/X«NOi:i?^i:$:;Kj;S;^Jc#A1- -grille 

r n "7 n 1 

<^:^^„ 

[0 0 7 1] 

lalH>r^ Kffc^tl (Xli-r^ F^fc^tfil^M^) ^rM^il-T-Si^^ffc^^^SlCfeVN 
[0 0 7 2] 

^;i/tcMbT i~5 o^;i/, n't\^<\ti, 5-3 o^;^5g||(Z)^gffl*^e)^l^"e 
ji^, 2-2 5^;i/@;gTfeSo 

[0 0 7 3] 

tcj^;i;T> 0-15010, ^yFtu<{i 25-125 x:. $^fc^g^^u< 

1*3 0-1 0 or^||®^ffl;?)Ne>^^T't^o -hD'fbH/tJtt^ mxtWDBET 

[0 0 74] 
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it&^. A^i;'i7Aii, A'^^-'^A]^^, m^uAmmtjth^) ^^i^^^zt^^^v 
t§o M^0^M4ii> (mm i^emzmlx. mn. o. o 

-2 0-10 QIC 0-7 or) g^l:•feoT=bJ;V^o tK^EI* 

> Jilt. 1~1 0^BET'feS^-a-7J>^#V^. 
[0 0 7 5] 

. 1~10^>^M) X$>^m^t)^^\>\ *^^^:S7t;M$:Mv^§M7C^^cSv^T 
. EJ^Umt. mn. 0-2 0 or o~i7 0t:) mmx:k^m'^-/y^ 

x;^-r;i/|i, 7^K^;&if) (Z)#STTif oTfe J: v^o 
[0 0 7 6] 

[0 0 7 7] 
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[0 0 7 8] 
[0 0 7 9] 

/^°^~>$:?^fi^■t5®^C^MT'$>S„ ttz. ^^fc J: th*ifx>y (mzW 
[0 0 8 0] 

mmm i 

(1) t:KD=^rS/;Hfc 

>^M{c, >f y:/nif;i/x-^*:^i/'i7Zva- K (iso-CgH^Mgi) i. 2^;i/(DM7K 
i?x^;ux-x;i/^?g$:?iTb, 1 0 6 ^r^^f^ 1 - ( 2 - 1 Kn :3|r 

>(v^y^)]y) y^^y^y^ntz.. 

(2) x7.-r;Hb 

118)^7^1- (2 -t: Kn^i/-f y/<>-5^;b) r^?*"e>^>l. oo^y^;!/ 

^ H^z-ft-b-vu ^7/^ (Smig ) 0. io^'j^;i/, y-T'D'^x 

;b 1. l^U^;k (2mL) 5 0X:T'6^r^^#L 

fc= :«j*>^^nvh^'*^7>r-{cj;5^^®Mm, E.%m^^Wimz\t^ i- (2- 
y n^;i/;r^e/>ry/^>5^;i/) 7^>>^> (jR^g o%) ^b^^^UTwfe 

o 
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'TT.Ts^^V)],^-^ [M] 2 7 6. 2 6 1. 2 4 6, 2 3 1. 2 1 8 
, 19 1. 14 7 
(3)fi^ 

i?2 om&%(DW.^Wm^mi O OSiSPS:, M^^^&^J (/<>v^>f;i/A-;fi^ 
■t^--rK) 5Miaj$:Mv>T%a^^ (h;i/x» rftr-fi^L. M-^?g{Cpl^ J - 

[0 0 8 1] 

(1) t: Kn^S/;Wl: 
NHPI 2$U^;i/, iiA;i/hTt5^;b71r h:?-hCo (AA) g 0. 1^ 

5, 1 -h Kn:^i/- 5- (2 -T^ U n-f;b:t^S/-ry/s:>5^;i,) 
> (IR^7 8%) ;^)^^#e>tl?^c. 

t Kn^i:/;i/S-^;tft:-^%(Z)vx:^^^^ h;i/T^-^ [M] 2 9 2. 2 7 
4, 2 5 9, 2 4 4, 2 2 9, 2 1 6. 1 8 9, 1 4 5 

1- (2-r^Un-f;i/7r^r>>>f y/^>f^;i/) T^*v>^ >{cf^;tT. i-t 

CO 0 8 2] 

(1) :^;i/:Jf^i/;i/S®^A 
7i5f-7>^>- 1 ->r;i,-x^>- 1 -;t> 10$U^;i/, NHPI 1^ 
U^;k Co (AA) 2 0. 0 0 5 ^ U^;i/$:@^i?2 SmltfifCttii^, ii-^ 
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2 

>^>-5-^;i/-x^>- l-;ty$:M^^^^^<^, ^iSM 1 0D;^7^^y y (1) 
i;ll^{cLT> 1 -;^;i/7jf^s/- 5 - (2-n Kn^i/-2 ->f y/^:>5^;^) 7 

^>>^ji> (iK^6o%) ^m^titz^ 

[0 0 8 3] 

(2) (3) xx-x;wfcfe<fct;fM-a- 

-5- (2-\^h*u^iy-2-4VKy^;V) 7^»^ > ^ig 
Ml0X7^^>y(2) (3) tmmiZLX. ilJl^^^ty)m^mt'^<^tbX<D 
l-:^Jl^^y-.5- (2-7^VU-(jV:t^i/-2-^yKy^ji) 7^>> 

[0 0 8 4] 

:^;l/7K^S/;^^^;t^t:;^^^®v'>^;^/^:^ [M] 3 2 0, 2 4 

9, 2 3 4, 2 1 9, 2 0 4, 1 9 1, 1 7 9, 1 3 4 

(1) t ]^u^y)Vjt 

7iC'7y^y-l-^;i-:n^y-l-:tyiZf^^X. T^»^y>$:fflv^ 
^a^, ll»Ji©;^7-7y (1) i:ii^fcLT, ^^1:^7 6%T'2-^yyn 
tf;b-2-t Kn^^7^*v>^> (iK^6 1%) 
[0 0 8 5] 

(2) (3) xxT-;W[:feJ:t>*M-a- 

1- (2-HKD^i>^y-^>^;i.) r^>>^>{cf^;tT, 2-^y^Dt:° 
;i/-2-t Kn:^r^'7^'7>^>$:Mv>^J.:^^, ^MMl®;^^^^^ (2) (3 
) tmmizbx. ^\^n^y}m^:^it^mtLX(D2-^vzru\f)\,-2-r 
^Un>f;i/7h:^i/7^>>^> (iR^7 8%) fecfctK^m-^i^JSr^lfeo 
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t Kndri/;bg-^;t'fl:'^tlOv;^X^^ [M] 2 4 8, 2 3 3 

, 21 8, 20 5, 183, 139» 
[0 0 8 6] 

(1) tiKn^^/Mt: 

}^n^ty}Vit7^.^yf (2) LT, i-v Fn^>>-4-^ry:/i3 tf;i, 

H Kn:?rt^;i/S^^^[:-^tl0VXX^^ h;i/f^-;j7 [M] 2 64, 2 4 6 
, 2 3 1, 2 1 6, 2 0 3, 1 7 6, 1 3 2„ 
(2) 

1- (2-7^VU>( JV:^^t/^V^y^)l) r^V>^5?>{Cf^AT. 1-b 

^> ^MMi®x7^^>-;^ (3) tmmizbx)i<m^i^^mco 

[0 0 8.7] 

(1) :fy;i7fs^i/jim<DmA 

7^»^>-i ->r;i/-x^>-i -;t>tcf^;iT, 7^>>^y >^MvA 

^l6M3 0:«7;i/;K^i/;WI:7.7^^)/y (1) im^^tcLT^ 

7^5rT>^>- 1 -^jv-ji^y- 1 _;^-^{cf^;iT, 1 - t^r 
>^>-4-;t>l:Mv^-5Je(^, ^SgM 1 (Z) >^ 5^ ^ (1) i:|SI;^{CLT. 1- 
(2-t Kn^^>-2--f y/v;>5^;b) 7^*V>^> (iR^ 5 

8%) t)m^ntz. 

[0 0 8 8] 
(2) (3) x;^^;WtfeJ:yfM# 

1- (2-h: Kn^>>-f V/>;>5^;i/) 7^*v>^ >{Cf^^T. l 
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-4- (2-\^}^U^i/-2-^V^y^JV) T^>>a^>^MV^-g>J[^A^, MM 
miOT.'rvrf (2) (3) }Ln%\z\uX. ;^;i/3K^i/;i/^^;tfb^t/i:UT(5[) 

[0 0 8 9] 

iJ)\^Tf^^i^}Vm^^it^S^(D^7.7.^^ [M] 2 9 2, 2 2 

1, 20 6, 191, 17 8, 133 

41 0 Om J/cm^ T'M^^tfe^, U^l 0 O'CX 6 Ofprn^--^ Ltc. ^^V^ 
T% T;1/:^U;!K^M (^^fS^fb (^) m, NMD- 3) ^M^^X 6 Ofpr^mmL 
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; z c-t-0-?-t=CH2 • z c( 8 f 

r2 \^_,.' 0-C-C=CH2 

(1) (2) 
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